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FOREWORD 


This volume re-publishes, A History of the Hexagon Program—The Perkin-Elmer Involvement as part of 
the Center for the Study of National Reconnaissance’s (CSNR) Classics series. The introductory information 
explains the corporate perspective and technical aspects of this history. Reading about the technical aspects 
of the program should help the reader understand how this program was able to make valuable contributions 
to U.S. national security. The history cites examples such as SALT verification, coverage of crisis areas like the 
Middle East, and terrain mapping for the Cruise Missile. 


In 1983, the day that Perkin-Elmer shipped the twentieth Hexagon Sensor Subsystem to the West Coast, the 
then Director of the National Reconnaissance Office (NRO), Edward C. Aldridge (who also was Under Secretary 
of the Air Force), told a group of Perkin-Elmer employees, “The success of the Hexagon Program has established 
the standard for all future satellite reconnaissance programs to emulate and a goal for our present systems.” This 
history will offer you insight into the technology that made that possible. 


The Center for the Study of National Reconnaissance Classics is a series of occasional CSNR publications 
whose purpose is to inform our readers about classic issues from the past. The books and monographs in the 
series most typically are histories, but they also could address lessons-learned topics, the legacy recognition 
of people and programs, insights into historically significant artifacts, or tutorials on the discipline of national 
reconnaissance. We issue the publications in the series on both an ad hoc basis, or in connection with a significant 
event. We are issuing a Gambit-Hexagon collection of histories in response to Director of the NRO Bruce 
Carlson’s decision in June 2011 to declassify the programs and his subsequent declassification announcement 
on 17 September 2011. The Historical Documentation and Research (HDR) Section of the CSNR selected five 
classic histories of the Gambit and Hexagon programs: 


¢ A History of Satellite Reconnaissance—The Perry Gambit & Hexagon Histories (by R. L. Perry) 
¢ The Gambit Story (by F. C. E. Oder, J. C. Fitzpatrick, & P. E. Worthman) 

* The Hexagon Story (F. C. E. Oder, J. Fitzpatrick, & P. E. Worthman) 

* Hexagon Mapping Camera Program and Evolution (M. Burnett) 

* A History of the Hexagon Program—The Perkin-Elmer Involvement (by R. J. Chester) 


On 21 January 2012, the CSNR published the first volume in the Gambit-Hexagon CSNR Classics series, 
A History of Satellite Reconnaissance—The Perry Gambit & Hexagon Histories. We did this in support of the 
ceremony that marked the NRO turning over a collection of Gambit and Hexagon artifacts to the National Museum 
of the United States Air Force (NMUSAF) and their exhibit opening of these artifacts to the public. The opening 
of this exhibit represented the largest collection of satellite reconnaissance artifacts ever assembled and put on 
public display. That exhibit can serve as a companion resource to those who read the histories in this CSNR 
Classics collection. 


Each of these histories offers a different perspective on the programs; the Perry Gambit and Hexagon histories 
are from the viewpoint of a former Air Force historian at RAND writing in response to tasking from the then NRO 
Program A (Air Force program); the Oder, et. al. Gambit and Hexagon histories are from the viewpoint of authors 
with program experience working under the sponsorship of the Deputy Director of the NRO; the Burnett Hexagon 
mapping system history is from the viewpoint of the Hexagon program office working under the direction of two 
Air Force officers in the program and the NRO Program A Director; and the Chester Hexagon history is from the 
viewpoint of Perkin-Elmer, which was an associate contractor for the Hexagon program. 


All of the authors researched and wrote their histories during what some observers might describe as the 
height of the Cold War, from 1964 to 1985. This influenced them to react to and focus heavily on the threat from 
the former Soviet Union and its allies. Also, all of the authors had at least some degree of first-hand knowledge 
about these programs, and in many cases, they had first-hand experience working in the programs. This gives 
you a window into what it was like to be a participant-observer in the development and operation of these film- 
return satellite photoreconnaissance systems during the Coid War. 
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Dr. James D. Outzen, the NRO Senior Historian and Chief of the CSNR’s HDR section, is the editor for the 
Gambit-Hexagon CSNR Classics series. Dr. Outzen selected the five histories for this CSNR Classics series 
from the NRO Records Center and CIA archives that collectively best retell the impressive Cold War story about 
these programs. He has prepared a brief preface and introduction for each history to provide context and explain 
its significance. 


When you read the histories you will note that some information is missing. Even though the Director of the 
NRO authorized the declassification of almost all the programmatic information about these programs, some 
information, because of its potential impact on other sources and methods, remains classified. Dr. Outzen usually 
let the redacted text stand on its own, but in some instances he has done some editing for readability. For some 
of the histories, Dr. OQutzen has incorporated supplemental reference material into the publication. 


Robert A. McDonald, Ph.D. 
Director 
Center for the Study of National Reconnaissance 
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PREFACE 


Coinciding with the commemoration of the 50th Anniversary of the National Reconnaissance Office 
(NRO), the Director of the NRO, Mr. Bruce A. Carlson, publicly announced the declassification of the 
Gambit and Hexagon imagery satellite systems on 17 September 2011. This announcement constituted 
the NRO’s single largest declassification effort in its history. The Gambit and Hexagon programs were 
active for nearly half of the organization’s history by the time of the declassification announcement. 
Their history very much represents the NRO’s history—one that is defined by supremely talented 
individuals seeking state of the art space technology to address difficult intelligence challenges. 


The United States developed the Gambit and Hexagon programs to improve the nation’s means 
for peering over the iron curtain that separated western democracies from east European and Asian 
communist countries. The inability to gain insight into vast “denied areas” required exceptional systems 
to understand threats posed by US adversaries. Corona was the first imagery satellite system to help 
see into those areas. It could cover large areas and allow the United States and trusted allies to identify 
targets of concern. Gambit would join Corona in 1963 by providing significantly improved resolution 
for understanding details of those targets. Corona provided search capability and Gambit provided 
surveillance capability, or the ability to monitor the finer details of the targets. 


For many technologies that prove to be successful, success breeds a demand for more success. 
Once consumers of intelligence—analysts and policymakers alike—were exposed to Corona and 
Gambit imagery, they demanded more and better imagery. Consequently, the Air Force, who operated 
the Gambit system under the auspices of the NRO, entertained proposals for an improved Gambit 
system shortly after initial Gambit operations commenced. They received a proposal from Gambit’s 
optical system developer, Eastman Kodak, for three additional generations of the Gambit system. 
Ultimately the Air Force settled on only developing the proposed third generation because the proposed 
second generation offered minimal incremental improvement and the fourth generation appeared 
technologically unachievable at the time. The third generation became known as Gambit-3 or Gambit- 
cubed while it was under development. Once it replaced the first generation, it simply became Gambit. 
The new Gambit system, with its KH-8 camera system, provided the United States outstanding imagery 
resolution and capability for verifying strategic arms agreements with the Soviet Union. 


Corona was expected to serve the nation for approximately two years before being replaced 
by more sophisticated systems under development in the Air Force’s Samos program. It turned out 
that Corona served the nation for 12 years before being replaced by Hexagon. Hexagon began as a 
Central Intelligence Agency (CIA) program with the first concepts proposed in 1964. The CIA's primary 
goal was to develop an imagery system with Corona-like ability to image wide swaths of the earth, 
but with resolution equivalent to Gambit. Such a system would afford the United States even greater 
advantages monitoring the arms race that had developed with the nation’s adversaries. The system that 
became Hexagon faced three major challenges. The first was development of the technology, which 
was eventually overcome by the Itek and Perkin-Elmer Corporations. The second was bureaucratic, 
deciding how the CIA and Air Force would cooperate in building such a system because they each 
had strengths and weaknesses in the development of national reconnaissance systems. The third 
challenge was to secure the resources that were required to build the most complicated and largest 
reconnaissance satellites at the time. By 1971, the NRO overcame the challenges to successfully 
launch the Hexagon satellite and fulfill, or even exceed, expectations for unparalleled insight into 
capabilities of US adversaries. 


At the time of the Gambit and Hexagon declassification announcement, the NRO released a 
number of redacted Gambit and Hexagon documents and histories on its public website. One of the 
histories is contained in this volume. 


A History of the Hexagon Program was written in 1985 by Richard J. Chester of the Perkin-Elmer 
Corporation. Perkin-Elmer took over development of the original camera system that wouid evolve 
into the primary camera for the Hexagon program. The panoramic camera system, designated KH-9, 
wouid image vast areas of the earth and prove an essential collection asset for verifying the Soviet 
Union’s compliance with arms control treaties as well as address other intelligence questions. 
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A History of the Hexagon Program is very rich in technical detail. Chester carefully documents 
Perkin-Elmer’s efforts to develop the KH-9 camera system and integration with the other components 
that would become the Hexagon system. Chester also documents the contributions of many individuals 
who were responsible for the program’s success. Chester includes a trove of drawings, photographs, 
and other visual content that enhance the narrative descriptions of Perkin-Eilmer’s contributions to the 
Hexagon program. 


A History of the Hexagon Program is a unique program history in comparison to others written 
about national reconnaissance programs. Chester documents the corporate perspective of satellite 
program development. Compared to histories written by government contractors, Chester pays less 
attention to the politics surrounding competing broad area search satellite proposals. He also pays less 
attention to the intelligence needs for the satellite. Despite the diminished attention to these issues, 
Chester tells the technical development story in an unparalleled fashion. Consequently, we read in the 
pages of this volume one of the most complete retellings of the efforts to develop and integrate the 
components that comprise a reconnaissance satellite system. 


A History of the Hexagon Program joins five other volumes of Gambit and Hexagon histories that 
the Center for the Study of National Reconnaissance is reprinting in conjunction with the program 
declassifications. Those other volumes include The Gambit Story and The Hexagon Story both written 
by Frederic Oder, James Fitzpatrick, and Paul Worthman, Robert Perry’s histories of Gambit and 
Hexagon, a history of the Hexagon mapping camera, and a compendium of key Gambit and Hexagon 
program documents. In total, this collection of Gambit and Hexagon publications provides the public 
with broad insight into previously classified programs. The volumes complement each other in providing 
details not found exclusively in any single program history volume. 


At the time of this writing, KH-9 panoramic camera system imagery has not been declassified. 
| have included in a separate section of this publication a small number of KH-9 images that were 
released in conjunction with the Hexagon declassification. 


| have chosen not to reprint pages that were redacted in their entirety in A History of the Hexagon 
Program. Those pages are: 176 —180. The unedited redacted A History of the Hexagon Program can 
be found in the declassified records section of NRO.gov for those interested in reviewing a document 
with the completely redacted pages. 


The Gambit and Hexagon systems became reliable means for addressing difficult intelligence 
challenges once they became operational. The Hexagon system, in particular, provided broad area 
imagery that was essential for understanding the strategic capabilities and arms control compliance 
of the Soviet Union and other Cold War adversaries. These national reconnaissance systems dutifully 
provided the nation reliable vigilance from above until the next generation of imagery satellites 
advanced US intelligence collection capabilities. 


James D. Outzen, Ph.D. 


Chief, Historical Documentation and Research 
The Center for the Study of National Reconnaissance 
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CENTER FOR THE STUDY OF NATIONAL RECONNAISSANCE 


The Center for the Study of National Reconnaissance (CSNR) is an independent 
National Reconnaissance Office (NRO) research body reporting to the NRO Deputy Director, 
Business Plans and Operations. Its primary objective is to ensure that the NRO leadership 
has the analytic framework and historical context to make effective policy and programmatic 
decisions. The CSNR accomplishes its mission by promoting the study, dialogue, and 
understanding of the discipline, practice, and history of national reconnaissance. The CSNR 
studies the past, analyzes the present, and searches for lessons-learned. 


Contact Information: Please phone us at 703-488-4733 or email us at csnr@nro.mil 


To Obtain Copies: Government personnel can obtain additional printed copies directly 
from CSNR. Other requestors can purchase printed copies by contacting Government 
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Fax: (202) 512-2104 Mail: Stop IDCC, Washington, DC 20402-0001 
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To 
Richard §. Perkin 
1908-1989 
and the men and women who built 
the Hexagon Satellite Vehicle 
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FOREWORD 


At gerecisely 10:41 A.-M. Pacific 
Standard Time, on June 15, 1971, the first 
of America’s fourth generation photo= 
graphic reconnaissance satellites (Hexagon 
program) Uifted off a pad at the 
Vandenberg Air Force Base in southern 
California.* This event was the result of 57 
months of intensive effort ta design, 
manufacture, and assemble a revolutionary 
new intelligence collection system. 
Thousands of scientists, engineers, tech- 
nicians, and administrators in various 
government and industrial facilities 
throughout the United States were involved 
in making it happen- 

On July 12, 1983, the day the Z0th 
Hexagon Sensor Subsystem was shipped 
from Perkin-Elmer to the West Coast, The 
Honorable Edward C. Aldridge, Under Sec- 
retary of the Air Force, Director National 
Reconnalssance Office, addreseed a large 
group of Perkin-Elmer people who had 
participated in the design and manufacture 
of the Sensor Subsystem. A part of his 


apeech follows. 

"In Jume of 1971, the first of a new 
breed of satellite reconnaissance systema 
was launched from Vandenberg Air Force 
Base and ushered in a new age in terms of 


satellite photography. The program suc- 
cose has continued almest unabated and 
permits us to talk in glowing terma of 
performance characteristics such ast up to 
seven months oa orbit; over 300,000 feet of 
film (60 miles); total mission area coverage 
nearly equal to the landmass of the earth. 
We didn’t get to this point by 
accident; it was achieved through 
perseverance, technical competence and a 
lot of hard work. Many of you in the 
audience, I am sure, can remember the 
bustle of the initial years. In comparison, 
today must seem very serene. That initial 
launch in 1971 waa not really the beginning 
but rather the culmination of a dream. 
This dream started in 1965 when your 
company became involved in a competition 
to build a revolutionary spacecraft capable 
of handling reconnaissance requirements 
fostered by the emergence of Russia and 
China as superpowers. In 1966, Perkin- 


wil 


Elmer was chosen to participate aa an 
associate contractor in what has become 
one of our most important intelligence 
programs. it is hard to beleve that 
seventeen years have passed since that 
date. However, the validity of that initial 
decision has been confirmed and recon- 
firmed with the passage of time. ©The 
success Of the Hexagon Program hae eatab- 
lished the standard for all future satellite 
reCcOunaissance programs to emulate and a 
goal for our present systems. 

This success can be measured in 
many ways. For example, since the first 
lauach in 1971 67 owt of 468 buckets have 
been recovered (see Editor's comment); 
imaging lifetime has increased over 60 


‘percent; film capacity has increased 50 


percent; mission area coverage has 
increased 100 percent. Even with these 
impressive facts, it is impossible to 
measure Hexagon's considerable contribu- 
tlon to or national defense. This 
importance can be sensed only if we cite 
examples such as SALT verification, 
coverage of crisis areas like the Middle 
East, and terrain mapping for the Cruise 
Missile."* 


The Honorable Edward C. Aldridge, 
Under Secretary of the Air Faree 
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This history telle the story of how 
Perkin-Elmer was selected to participate 
in the Hexagon program. It relates the 
circumstances that led te Perkin-Elmer’s 
involvement im space reconnaissance and 
discusses the events and milestones that 
occurred on the Hexagon program to the 
end of 1983. It reveals Perkin-Elmer’s 
relationships with government program 
Managers, the aseociate contractors 
working on the project, and the major 
subcontractors who helped to build the 
equipment. It reviews the evolution of the 
design oof the camera and the film 
transport system and the technical 
problems that were faced and solved. 

You will be taken through a tour of 
the Perkin-Elmer facilities both in 
Connecticut and California and learn how a 
large apace reconnaissance camera is 
assernbled, tested, and integrated with the 
launch vehicle. Amd finally you will read 


of the excitement of the first flight and 
look at the sharp details that cam be seen 


He TOP SECRET 


on photographs taken from an altitude of 
more than 100 miles. It is the story of the 
Hexagon Program from Perkin=-Elmer‘s 
viewpoint. 

Although the History of the Hexagon 
program will be read initially by a select 
fee who can benefit by the information it 
contains, and perhaps apply this knowledge 
to existing and future programs, these 
Pages will also preserve the story of the 
Hexagon program for the day that it can be 
revealed to the American people. Only 
then will they understand and appreciate 
the total dependence of ovr defense 
system -~- and thelr freedom -- on the 
success of Gur spate reconnaissance 
programs. 
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INTRODUCTION 


The histery of space re ai 
may be thought of as three separate 
histories: the evolution of spacecraft, the 
development of reconnaissance equipment, 
and the transformation of the intelligence 
ecomtoanity into organizations largely 
depemient on automated orbiting 
electronic and optical sensors commanded 
amd controlled by high-speed computers. 

Compared to European and Asian 
nations, America ik a thewcomer to 
centralized intelligence. It was during 
World War 0 that we learned our future 
survival depends on our ability to 
anticipate the mowes of aggressive and 
expansionst countries. ! 

On January 22, 1946, President 
Truman established the Central Intelli- 
gence Group to act as a central repository 
for intelligence information and to analyze 
and fit all the pleces together into a 
coherent picture. But the Central 
Intelligence Group merely added one more 


report to those already flowing over his 


desk. 
1947, 


The real change came on July 24, 
when the Central Intelligence 
Agency was formed by the National 
Security Act. But this time it was 
different. The apency had its own budget 
and was responsible to a new National 
Security Council. 

In addition te wnhifying the armed 
services under a new Department of 
Defense, the National Security Act of 1947 
established the United States Air Force, 
amd in 1949, under a separate amendment 
of the act, the Alr Force was made a 
military division within the Department of 
Defense with equal status to the Army and 
Navy. 

Prior to and during World War I, the 
Ud. dir Force wag a branch of the Army 
ami consequently saffered inadequate 
support in funds, personnel, and in 
Gryanigational status. if was not until 
November, 1940, that an Intelligence 
Division was created at the Chief. of Air 
Corps staff level... This division became 
A-2 {Assistant Chief of Staff) within the 
newly organized Army Alr Forces in 1941 
with a responsiblity for both assessment 


. and dissemination. 


Today, the National Reconnaissance 
Office (NRO) operates satellite programs 
for the intelligence community. ‘The Air 
Force, with its large intelligence 
organization, supports the NRO, and has a 
apecial responsibility to guard against 
surprise. 

Space recounaissance had its genesis 
in @ 324-page report published on May ¢, 
1946; by a group called Air Force Project 
Rand at the Douglas Aircraft Company in 
California, later to become the Rand 
Corporation. The report concluded that 
technology had advanced to a point where 
it was feasible to undertake the design of a 
satellite wehicle.* However several events 
had to occur before this work could begin; 
the imvention of the translater, the 
development of powerful racket boosters, 
and the availability of high-speed 
computers. In June, 1956, the last piece 
fell into place. Rand scientists completed 
a report proposing a bold new idea for 
physically returning photographic film 
from orbit -~ the reentry vehicle? 

By late 1958, plans were made to 
launch experimental recoverable satellites — 
by the Thor/Agena space booster, given the 
family mame Discoverer. At the same 
time, work began on the construction of 
launch and instrumentation facilities at the 
Gooke Air Force Ease, California, 
subsequently renamed Vandenberg Air 
Force Base; and most recently given the 
title of Western Test Range. On February 
28; 1959, the first Discoverer was launched 
into a successful orbit. Unfortunately, the 
satellite began to tumble amd was lost, but 
it was a promising beginning.* 

Most of the aerial photography in. the 
early 1920'e was accomplished by World 
War I cameras. It wasn't until 1921 that 
the Ki focal plane ahutter, 9-inch film 
aétial camera was available. In 1958, the 
first photographic reconnaissance system 
to be designed and built under the weapon 
system concept was developed for the 
supersonic RB-58 Hustler aircraft? the 
KA25, KA2Z6, and the KAZ? cameras.! 

Perkin-Elmer designed the Trans- 
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verse Fanoramic Camera, Type E-1 in Ey late 1960, the elements of space 


igS2. it was the first camera of the 
panoramic type employing a rotating priem 
for scanning. Panoramic cameras offer a 
javitg in weight over a multi-camera set- 
up for wile area coverage. 

The U-2 Reconnaissance aircraft 
successfully utilised transverse-scanning 
pancratiic cameras made by Perkin-Elmer 
during the 19591960 period; similarly, 
such designs were incorporated in cameras 
Perkin-Elmer built for the U-2's successor, 
the All aircraft. The vulnerability of 
aireratt, even high-altitude aircraft, to 
attack and the (mostly psychological) 
impact of intrusion into denied “air space" 
added urgency to the deployment of 
“untouchable” aatellite-barne cameras hav 
ing the same wide-area coverage, 
transverse-scanning designs. 





Richard C, Babish, Project Engineer of the 
Transverse Panoramic Camera, Type E-1 
in 1992. 


reconnaissance began to merge. The 
capsule of Discoverer 13 was the first 
man-made object recevered from space 
(see footuote*). Navy frogmen lifted the 
Precious cargo from the Pacific Ocean and 
put it safely aboard the USS Haiti Victory. 
A&A Week later, the Discoverer 14 capsule 
was the first to be recovered in midair as 
it descended by paraciute over the Pacific 
Ocean. 

In late 1945, the stage was being set 
for the final study of a new generation 
photographic satellite. It would te #e- 
quired to provide the resolution of earlier 
close-look gatellites while simultaneously 
providing the broad area coverage capa 
bility of previous search/eurveillance sys~ 
tems. On July 21, 1966 proposals for the 
Hexagon sensor were submitted to the 
goveroment by both Itek amd the Perkin: 
Elmer Corporation. At 1700 on October 
10, Mr. Robert Sorensen, then Senior Vice 
President, Optical Group, received an 
important phone call fram Mr. John J. 
Crowley, Director of Special Projects, 
CLA, =~ Perkin-Elmer's proposal was 
accepted by the government.$ ‘This is a 
story of the events that followed. 


*Of general interest fs a book written by 
Alistair MacLean, “Ice Station debra", 
which uses apace reconnaissance os its 
basic plot. Perkin-Elmer is mentioned 
ipage 252) and reference is made to 
‘another American firm" (apparently [tek], 
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1 PROGRAM OVERVIEW 


EARLY BACKGROUND é 


It was early summer, 1964. Perkin- 
Elmer was in. its 25th year, and in addition 
to ite expanding commercial instrument 
business, it had successfully participated in 
HiMercus government programs, both clas- 
sified and unclassified. 

A young engineer, wha managed the 
Engineering Department on a covert 
project at an outlying plant in Norwalk, 
Connecticut, was busily engaged in pre- 
paring a report. Things were going well on 
the program and he was formulating plana 
for final equipment tests. At that 
moment, the phone rang and the reception 
ist informed him that he had two visitors. 

After hearing their names, Milton 
Rosenau, decided to greet them in the 
lobby instead of waiting for them to be 
escorted to hia office. The two vwisiters 
were customer representative: on his 
program, Lostie C. Dirks and Jack Maxey. 
These three, all young and creative, had 
developed a special rapport during the life 
of their program. Milt Rosenau was a 
Cornell Graduate with a 8.5. in Engineer- 
ing and Physics. Les Dirks and Jack Maxey 
were Syétems Analysis Staff Engineers in 
the Central Intelligence Agency (CIA) 
Directorate for Science and Technology. 


wines: Simce this meeting had act been 


planned, Milt wondered about the purpose 
of their wisit. After the usual amenities, 
Jack Maxey got into the real reason for 
their visit. A new reconnaissance program 
was underway and their agency felt that it 
might be to the mutual benefit of Perkin- 
Elmer and the Agency if Perkin-Elmer 
became involved. 

Since the late 1940's, Perkin-Elmer 
designed many electro-optical instruments 
for both fighter and bomber aircraft. It 
Was now time, said Jack Maxey, that the 
company consider getting into space 
programs. He hastily added that the 
current program had already been awarded 
to a Perkin-Elmer competitor and that 
Ferkin-Eimer's role in the program would 
be to generate ideas that might be used to 
apur their vendor's thinking. 

Milt's initial thought was that their 
approach to getting Perkin-Elmer involved 
was unorthodox but he realiged that the 
highly secretive nature of the space 
program warranted special treatment. 
After their meeting was finished, Milt 
stopped off at his supervisor's office. 
Richard C. Babish, Director of Special 
Projects and one of Perkin-Elmer's most 
prolific engineers, listened to Milt 
Resenau's story. Mit vepeated the 


The Perkin-Elmer building in which the Initial contact was made involving 
Perkin-Elmer in space reconnaissamce. This building alsa served as a base of 
operations for several dircraft reconnaissance programs. 
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customer's proposition and felt that 
although the program was already 
contracted, if wad an opportunity for 
Perkin-Elmer to get invelved with a major 
space program! 

Les Dirke ami Jack Maxey did sot 
reveal the exact nature of the program or 
their vendors Perkin-Elmer would be given 
sufficient information to do their job ~ and 
no more. After getting the fall details of 
the weeting, Dick Babish arranged a 
tieeting that day with Dr. Kenneth 
Macleish, Vice President and Director of 
Engineering of the Electro-Optical Diwi~ 
sion. The Special Projecta Department was 
part of that division. Dick repeated the 
customer's proposal, Or. Macleish agreed 
that it waa a wonderful opportunity and set 
up a meeting with the Vice President and 
General Manager of the Electro-Optical 
Division, Robert H. Sorensen. 

This wae the begining of a chain of 
events which can best be revealed by 
excerpting from a memo written by Dr. 
Kenneth G. Macleish to the President and 
Chairtian of tha Board of Perkin-Elmer, 


Richard $. Perkin. Tt is dated September 
19, 1964. 


Subject: Chronology 


The other evening you suggested put- 
ting down @ history of the situation we 
were discussing. The following brief 
chronology covers the period from June 1é, 
1964 to dates ‘ 


June 16 -- Rod Scott aml I went to Wash~ 
ington to talk with Jack Maxey and 
Les Dirks (of Bud Wheelon's staff) 
about a potential contract, at their 
request. Jack and Les outlined the 
broad requirements for a certain 
aysten and requested a proposal for a 
study program of about three months 
duration. The objective was to arrive 
at tot more than two alternate con- 
Higurations within 30 days and then to: 
procead with preliminary designs. 


a2 ~~ Jack and Les visited us in the 
evening for further discussion of the 
proposed study. 


Ha TOP SECRET 


dune 28, week of (eporoximately) ~ A 
study contract was segotiated and. 
work was begun. The final report 
was due September 28. Earle Brown 
was appointed project manager, to be 
guided by a committee consiating of 
Dick Eabish, Rod Seott, Milt 
Rosenau, Bob Hufnagel, and myself. 


6 (approximately] — A werbal prog- 
ress report was given to Jack and Les 
in Washington. 


27, evening — Verbal progress report 
te Jack and Les, in Wilton. 


14 — Frank German, from Bob 
Greer's organization (Air Force) tele« 
phoned me to ask if we would care to 
propose on a study program for them. 
The requirements sounded ike what 
we were already doing for Maxey but 
it was hard to tell for gure ower the 
phone. I agread to visit Frank the 
following week for further informa~ 
tion. 


» 1f ~ Bob Lewis, Chester Nimitz, Bob 
Sorensen and I discussed the potential 
dilemma of being asked to do the 
same thing for two different agencies 
under security restrictions prohibit- 
ing us from informing either of the 
other's activity. It was obviows that 
we could not legally or ethically 
accept payment twice for the same 
work. On the other hand a gross 
undercharge to one or both customers 
would likely have te be explained, 
and such explanation might viclate 
the security restrictions placed upon 
ua. ft was agreed that 1 ahouwld wigit 
Frank Gorman as planned and find 
out more about the proposed new 
study. 


1g — Further discussions along this 
ine “between Bob Sorensen, Rod 
Seott, and myself. We decided that 
Rod should telephone Edwin Land 
{Chairman of the President's Science 
Advisory Beard suheommittee on 
reconnaissance programs), tell him 
the story, and see if Land cared to 
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advise us. Rod did so and reported 
that Land suggested we tell our rat 
customer about. the proposed new 
study. We decided to defer further 
action until after the visit to 
Gorman. lasked Rod to come with 
me on the Gorman visit. Since Milt 
Resenau was going to be in that area, 
jl arranged for him to come also- 


21 ~ The three of us were briefed by 
Greer's people and their technical 
advisers and asked to submit @ pro- 
posal for a parameter study and pre~ 
liminary design to be completed by 
February, 1965. It was expected that 
& @o-ahead might be possible during 
the first week in September. In a 
conference after the briefing, Hod, 
Milt, and I unanimously agreed that 
the two studies were essentially 
independent and that no potential 
conflict or duplication existed. Our 
conclusion was based on the facts 
that (1) there was to be little or no 
ovetlap in time between the two, and 
(2) the technical requirements dif- 
fered in many important respects 
which would entail much additional 
work on the second study over and 
above anything accomplished in the 
first one. We therefore decided ta 
submit the requested new proposal 
without informing either customer of 
the other's work. 

28 - Sept. 10 — We submitted a 
proposal to the second customer and 
negotiated a contract. 


id ~ We were visted in Wilten by 
Jack Maxey, Les Dirks, John. 
McMahon, and John Crowley for a 
briefing on the first study. Jack said 
we had not proceeded as far as he 
had hoped toward deciding on a single 
configuration (we were still studying 
three) and asked that by September 
28 we furnish him a proposal for 


much discussion he suggested that 
the follow-on atudy should inchide 
preliminary design of all three 
senfigurations plua some component 


A HISTORY OF 
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development and experimentation. 


ef Bob Greer’s 


“a3 Gtgenigation telephoned me to com~« 


municate a change in one of the basic 
parameters in their specification. 
The parameter change brought the 
scope of the secoml customer's study 


very close to that of the firet 
customer. 


held among us concerning the impli- 
cations of these recent events. It 
was Clear that the changes proposed 
by both customers would bring about 
an overlap and duplication that bad 
not existed previously: We therefore 
decided ta tell fir. McMillan (Under 
Secretary of the Air Force) or Jack 
Maxey or both what the situation was 
and ask for relief of some sort. Rod 
believed that by this time both Jack 
and Dr. McMillan were aware of 
both activities so that the danger af 
4 security violation would have dis~ 
appeared. 


18 (morning) — Bob Sorensen and T 
met with Maxey, Dirks, and McMahon 


trying to get an appointment with Dr. 
McMillan that day, and we told about 
the proposed study for Greer and our 
resulting problem. Jack revealed a 
need on his part for a considerably 
expanded and accelerated design 
effort and invited us to convince him, 
during the next few days, that we had 
the manpower to staff auch an effort 
wiler an extension of our existing 
contract. He said that Or. 
MecMillan’s office would be and had 
been receiving technical reports and 
reguiar briefings on his (Maxey's) 
activites. 


18 {fafterncon] — Bob and I talked 
with Dr. McMillan. He said that 
Metone (Director of the CIA) had 
complained to him about engaging us 
ta do the same work we were already 
doing for McCone. He asked if we 
could write him a letter stating that 
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in fact there was no duplication. We 
said that up te a few days previously 
we equld hawe written such a letter 
but that the rules had changed and 
there now appeared to be potential 
duplication. [briefly summarized the 
whole aequence of events described 
in this meme. Dr. McMillan said he 
had been aware of the other program, 
but had not known that we were 
involved in it. He seemed to under- 
stand our situtation clearly and with 
sympathy and said he would call Bob 
Greer forthwith to get us off the 
hook. We said that we would lke to 
continue working with Greer in any 
practicable way and we suggested 
that the scope of our proposed Greer 
contract might be modified te be a 
study of the specific application to 
his system of amy configuration 
developed by us under the other 
contract. Dr. McMillan agreed that 
this might be possible and suggested 
that we communicate directly with 
Greer ou the subject after he had 
made his own phone call. 


' Bob Sorensen and I are setting up 4 
planning session for Monday morning; 
September 21, after which I plan to 


telephone Bob Greer. Maxey and 
Dirks will be available on September 
23 and 24 to receive our proposal. 


Ong who was not intimately involved 
in the situation spelled out in this memo 
will have difficulty “reading between the 
Lines.” Since the development of the U-2 
reconnaissance aircraft and the camera 
equipment that it carried, there has been 
an ongoing institutional conflict between 
the GIA and the United States Air Force 
(USAF). 

In 1955, soon after the firat Fight of 
the 0-2, the operation of the reconnals- 
sune¢ program was assigned to the CIA. 
Sine the CIA had no facilities, the USAF 
as assigned to take care of operations and 
logistics. 

This partnership carried over into the 
éfaice reconiaissance programa when that 
same year the USAF, under the sponsership 


Hx TOP-SEGREF- 


of the CIA, issued a formal operational 
requirement for a strategic satelite pro- 
gram, code number WS-117L, the actual 
beginning of America's aatellite recon< 
naissance prograras-- 

Before the story of Perkin-Elmer's 
involrement in this program can be con- 
tinued, one additional aspect of this situa~ 
tion must be clarified. 

The fourth participant in the early 
history of the Hexagon program is an opti- 
cal company which was already involved in 
the design and manufacture of apace 
reconnaissance cameras in the 1960's, the 
Itek Corporation. In the spring of 1964, 
Ttek was approached by the CIA to develop 
an information-gathering system that could 
perform the operations of both the area~ 
surveillance and the close-leck satellites 
already in operation, with improved. 
resolution and a capability for longer 
missions.# There was one significant 
problem that plagued photo satellites 
already in operation and that was thermal 
control. This was te become an important 
factor which would ultimately lead to the 
selection of a particular camera configura<- 
tion. 

Itek completed a study (lbek project 
9096) and concluded that an optical system 
working in the visible region of the 
electromagnetic spectrum was the best 
choice. Having made the basic selection, 
Itek submitted a proposal to the CTA (Ttek 
proposal Na. 3233) completed sometime in 
May 1964. However, before funding « 
full-scale development program, the CIA 
asked Itek to establish the feasibility of 
the critical aspects of their proposed 
system. This was accomplished in an Itek 
study (tek pr oject 9204) completed in 26 
February 1965. 

Itek was also working with the USAF 
in their version of the fourth generation 
reconnaissance ayatem. To urmderstand the 
relationship between Itek and the USAF, it 
is helpful to have some knowledge of the 
formation of the Itek Corporation. 

in the early days of World War 0, the 
Air Corps took over one of Harvard's large 
Hbrary buildings, and formed an optical 
laboratory, manned by some of the finest 
optical desiguers and technicians in the 
country: Within a short time, lenses of 
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every description were being developed and 
produced for the overseas forces. After 
the war, the laboratory was moved to the 
Boston University. Unfortunately, in 1957, 
the USAP reduced ite funds for the 

of the Beste Laboratory in fawor of added 
support of radar and infrared develop- 
ments. 

The laboratory was taken over by a2 
team of top scientists in the Boston area 
and became the nucleus of the new Itek 
Corporation. So there existed a strong 
bond between the USAF and Ttek. One 
additional factor strengthened this bond.? 
Brigadier General George Ws Goddard, 
USAF retired, became a special assistant 
te the president of the Itek Corporation in 
1964. Goddard, through World Wars I and IT 
and the Korean conflict, was instrumental 
in developing many of the techniques and 
equipment fundamental to aerial recon 
naissance.? 

We can now resume our story of the 
events that occurred when the CIA 
contacted Perkin-Elmer in June 1964. Asa 
reault of the meeting on 14 June 1964 
among Ure. Rederic Scott, Kenneth 
Maclwish and the CIA, a study contract was 
awarded to Perkin-Elmer, via a message on 
23 June 1964, to begin work woder Task 4 
to contract CH-900. The contract autho- 
riting the work was received on 30 June 
1964.10 

As mentioned in Dr. Macleish’s memo 
te Mr. Richard Perkin, Earle Brown was 
selected as Program Manager of the new 
study.t1 A project team was formed and 
gamed the "Ad Hoe" project. (The CLA 
eode name for this project was "Fulcrum.") 
It consisted of 12 of Perkin-Eimer's most 
competent camera designers. In addition 
to Earle Brown and Milton Rosenau, the 
group inclided William A. Welch, Joha L. 
Rawlings, Roy Stoll, Robert M. Landsman, 
Michael H. Krim, Graham F. Wallace, 
Walter Augustya, C- Donald Cowles, Karl 
W. Hering, and Walter McCammond-! 

The program was planned in three 
steps: a parametric study of a photeo- 
graphic system toa accomplish the desired 
abjectives; investigation of alternate con- 
figurations withia the constraints of size, 
weight; ami other factors imposed by the 
vehicle and the mission! and a determina= 


““deplember 1964. 
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tien of the significant problem areas 
involved in the final choice: The original 
intent of the study was to complete all 

three steps and aubmit a final report by 28 
However, work did net 
proceed at the anticipated pace and on 
that date, the program was nearly through 
Step 2, with relininary work accom 
plished on Step 3.1 

A die el survey of possible 
configurations by the Ad Hoc project team 
resulted im the selection of three 
panoramic configurations, code-named 
Matchbox, Scarecrow, and Ferris Wheel. 
The initial effort was directed toward 
identification of representative designs 
capable of high resolution in both 
refractive and catadioptric types. Of all 
the systems considered, the folded 
Maksutos, and an unfolded wariation of it 
were found to be most suitable. At that 
point in time, however, no sound technical 
basis had been established for the choice of 
one of these alternate systems.4 

During a visit to Perkin-Elmer om 14 
September 1964 by Maxey, Dirks, McMahon 
and Crowley, Maxey professed disappoint~ 
ment at Perkin-Elmer's lack of pragress 
toward a gingle system and asked Perkin- 
Elmer to furnish the agency with a 
proposal for three-month's additional 
work. 


Meanwhile, the Itek Company had 
embarked on 1 September 1954 on a study 


(Itek Project 9204) which was to be 
completed 26 February 1965.46 On 18 
September 1964, the day that Mr. 
Sorensen and Dr. Macleish informed the 
CIA of Perkin-Elmer's proposal on the 
USAF project, Maxey revealed a need for a 
considerably expanded effort and accel- 
erated design effort with 4 much larger 
engineering staff.17 

The extent of the CIA program and 
the progress being made in other areas (le. 
spacecraft and reentry vehicle) was 
revealed by a memo received by Earle 
Brown from Leslie Dirks (ated & July 
1964). It stated that on 1 September 1964, 
Phase I of a program to demonstrate 
technical and mechanical feasivility of the 
OWerall program had been initiated and was 
Scheduled to be completed on 31 January 
1955. The selected vendor would begin 
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The taltial studies on the AD HOC Project were conducted in 
Perkin-Elmer'’s Research and Engineering Center, 30 Danbury 
Road, Wilton, Connecticut in June 1964. 


development and production of flight units 
on 1 March 1965. The first launch was to 
wecur in November 1966, with three fight 
tests fome per menth) and subsequent 
operational flights fone per month).! 

The proposal exhibit attached to the 
Dirk's memo also contained the first 
reference to a System Engineering, Assem- 
bly and Check-out (SEAC) contractor. This 
group was to play an important part both 
technically and politically at Trek and 
Perkin-Elmer.19 

Am interim report on the Perkin- 
Elmer Ad Hoc study was submitted to the 
CIA on 28 September 1944. Delivery of 
the final report which was originally 
acheduled for that date was delivered on 16 
November 1964. The study contract was 
elosed-out.29 

On 28 September 1964, the CIA 
awarded Perkin-Elmer a four-month study 
te undertake the work proposed by Perkin- 
Elmer in. their statement of work (MW-C- 
3).41 Essentially, Perkin-Elmer was to 
select the single most desirable system for 
detailed Phase I study and design by 19 
October 1964 and proceed with detail 
drawings suitable to produce an engineer- 
ing wedel aml prepare a program plan to 
achieve a production run of 40 units at a 
rate of one per month, aimed at a firat 
flight on i November 1966. All items 
specified in the work statement were to be 
completed by 1 February 1965.42 

A message from the CIA to Perkin- 
Elmer also mentioned that the camera 
contractor was to be selected by 1 March 


1965 and rewealed that a spacecraft 
eontractor would be gelected in early 
November 1965.24 

The Perkin-Elmer program manager 
selected for this new four-month effort 
was Milton Resenau. However, throughout 
the entire life of this program until his 
retirement in 1976, Earle Brown, a brilliant 
optical instrument engineer, was a major 
contributor of ideas. He produced a 
substantial amount of engineering work not 
only on the pioneer effort of the Hexagon 
program, but also participated in the final 
proposal and the design of the Hexagon, 
cameras After his retirement, Earle 
worked for Perkin-Elmer as a consultant 
until his death in 1941. 


. 


Earle Brown, a Perkin-Elmer Staff Engi- 
neer, led the first AD HOC studies tut 
were conducted at Perkin-Eimer on the 
Hexagon Program. 
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Work on the new study moved at 4 
fast pace. In 12 weeks, oer 22,500 
toanhours of engineering and experimental 
work were expended. Almost 1400 hours 
was unpaid overtime -—- effort of over 40 
Perkin-Elmer people dedicated to this 
important program. 

In support of this study, 30 supple- 
mentary engineering reports were pre- 
pared, and 16 technical memoranda and 10 
breadboard test reports were written. 

Preliminary parameters for the pho- 
tographic syatem proposed in this study 
were establishe| during Phase O. It was 
shown in the course of that effort that a 
eyatem which would reliably resolve ground 
targets in the 2 ta 5-feet range should 
have a focal length of approximately 80 
inches and a relative aperture of £/4. 
These values were adopted from the 
aydtem aelectiona study which initiated the 
Phase I effort and which is reported in 
Supplementary Engineering Report No. 101 
prepared by Earle Brown.“? After con- 
sideration of a number of possible 
approaches, a Maksutov-type catadioptric 
system was selected as best meeting these 
requirements. 


During the course of the Phase I Ad 


Hec study, John Crowley and other 
program office personnel visited Perkin- 
Elmer. A formal presentation was given by 
Perkin-Elmer management and engineering 
persoumel on 146 December 1964. Both 
technical progress and a discussion on 
program schedule and costs were pre- 
sented. 

The importance of Perkin-Elmer's 
werk wes emphasiced in mid-January 1965. 
in a message from Milton Rosenau to John 
Crowley, the Agency was informed that all 
contractual required documentation would 
be completed on the Phase [ effort on 1 
February 1965. Rosenau also requested 
permission to disassemble the breadboards, 
reschedule program personnel to other 
activities, and terminate all leases for 
equipment and contracts for security guard 
servies.£5 John Crowley's reply was that 
the disassembly of the breadboards and the 
reassignment of personnel and termination 
of existing leases and contracts should be 
delayed.* 

The CIA was in the process of pre- 
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paring a briefing for the Land Panel on 23 
February 1965. The abjectives of the 
meeting, as stated by John McCone (DCD, 


= Wag, to examine the feasibility of the 


Fulcrum system to meet the requirements 
of the next generation search/surveillance 
system. 

The Fulerum program was presented 
by the Special Projects Office and its 
propesed contractor team: Sensor [tek], 
Spacecraft (GE), Reentry Vehicle (AVCO)}, 
ami System Engineering aml Assembly 
(TRW). 

Subsequent to the presentation and 
while the Land Panel was in caucus, [Trek 
manapement, Frank Lindsay and John 
Wolfe, requested a private audience. They 
then stated that Itek was withdrawing from 
the Fulerum Program amd would sot 
entertain a contract with the Agency ta 
produce the Sensor. 

Perkin-Elmer would shortly become 
aware of Itek's withdrawal from the CLA 
program. During a lincheon conference at 
a local seafood restaurant, Bob Sorensen, 
Ken Macleish, and Dick Werner (a program 
manager who had just joined Perkin-Elmer) 
were in the process of ordering linch when 
Macleish received a phone call from Jack 
Maxey.28 Maxey was calling from Bradley 


. Field mear Hartford, Ct. and asked how 


soon Sorensen and Macleish could get to 
the airport. Macleish said they would 
leave in two minutes and then informed 
Sorensen. After apologising ta Werner for 
stranding him, Sorengen and Maclheish 
headed for the airport. 

Arriving at the airport in record. 
time, Macleish and Sorensen met with Jack 
Maxey and Les Dirks in a amall conference 
room in the airport terminal. 

Les Dirks asked if Perkin-Elmer 
could step up their effort on the Fulerwa 
program and assign Milt Reosenau as the 
program manager. Sorensen replied, "Yes 
and yes - unequivocally.” The CIA repre- 
sentatives did not explain why there was a 
change of direction, only that it was a 
matter of great urgency. Les Dirks then 
asked Sorensen and Macleish to meet them 
in Washington in a day or two to discuss 
the details of the accelerated effort. 

Shortly after the Bradley Field 
inéeting, Dr. Wheelon appeared in Chester 


BIF 007-02453-85 
HANDLE VIA. EYEMAN 
CONTROL S¥STEM ONLY 
































Approved for Release: 2016/12/07 C05096580 






































Approved for Release: 2016/12/07 C05096580 





NAO APPROVED FOR 
RELEASE 1% September 2071 


Nimite’s office and asked if Perkin-Elmer 
could take aver the CIA space reconnaila~- 
sance program atarted by itek. Nimite 
accepted the challenge. 
discussions in Washington 
Charlie Hall, 
plans were 


made to extend Perkin-Elmer's involwe~ 


Ment in the program through the month of 
February. Additional taska were sutlined 
im a message from Perkin-Elmer to the 
Agency. In addition, Milt reiterated that 
the data from the two contracts awarded 
during the Phase [ study would be delivered 
Agency on | February 1965 as 


to the 
scheduled.£? 
Shortly after Wheelon's wigit ta 
Chester Nimite, Jr-; a meadage was sent by 
the Agency (code nam | to the other 
eee contractors on the program 
Fe : ing the General ctric Company 


read * ' 


CAmera and it is therefore incumbent upon 
the project office and the other associate 
contractors to convey to them complete 
details of all aspects of the Falcrum 
Program- In line with this concept, 
(Reentry vehicle contractor) and | 
project managers are 

agers will arrive at 

16 March to present respective systems 
briefings. Of particular interest will be 
status of interface of S/C (spacecraft) and 
R/V (reentry vehicle) with payload 
(camera), but any area of mutual technical 
interest may be discussed. AVCO repre- 
sentives will be present at the detailed 
briefing by RCA representatives on theic 
sheet-fed handling system te be presented 


The GE tepresentative who briefed 
the Perkin-Elmer team at the meeting was 
Paul Petty, then Director of Engineering 
and System Engineer for the GE Fulcrum 
Program. Petty was later to play a key 
role in the dewelopment of the Hexagon 
sensor at Perkin-Elmer as P-1 Model 
Director, Hexagon Program Manager, 
Deputy General Manager Operations, and 
then Vice President, General Manager of 
OTD. 

The CLA was now fully committed to 


Hx TOP-SECRET 


Paul E. Petty was Director of tre first 
flight (SV-1) unit and later became Vice 
President, General Manager of the Optical 
Technology Division. 


work with Perkin-Elmer. During a visit to 
CIA project headquarters, Perkin-Elioer 
management was furnished with lek 
reports.4! Soon after, a group of Perkin- 
Elmer technicians and administrative por- 
somiel made several secret trips in trucks 
to the Trek Company. They returned 
loaded with the large optical bar 
brassboard, test and handling equipment, 
optical glass, optical fixtures, and a large 
quantity of reports and records. This 
material was transferred to a special 
wooden platform which had been 
constructed im the parking lot of the 50 
Danbury Road Facility in Wilton, Con and 
then moved to the project area on the 
second floor.4 

Perkin-Elmer was now embarked on a 
new phase of the Fuleriim Program (code 
wame Pratem at Perkin~-Eleser) which 
would eventually culminate in a prasenta- 
tion in Washington, D.C. to the Land Panel 
{subcommittee on reconaizsance programs). 
This. committee would review the Perkin- 
Elmer configurations and other competing 
syttems and make a recommendation to 
the ExComm on continuing activity in this 
area.d> 
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in the following weeks, Perkin-Eimer 
became more deeply involved with the 
other associate contractors. On 1 April 
1965, a briefing was held to permit the 
various contractors to get acquainted, to 
diseuss roles and responsibilities, start 
initial team tasks, and to discuss methods 
of program control. One of the revelations 
ef this meeting was that the SEAC 
contractor (TRW-STL) would serve a dual 
function. First as a CIA Systems Engineer 
ing consultant not only participating 
technically but also reporting the progress 
of the other associate contractors; and 
second, ag the hoenbly Gheckout con- 
tractor. (SEAC}34 

This was a dual function which SEAC 
served during Ibek’s tenure as the camera 
contractor for the agency, ami was an 
arrangement to which Itek objected.3> 
Some feel it was a factor in Itek's derision 
to withdraw from competition since Itek 
waa reluctant to allow another company to 
gain access to its operations and 
techniques.4 


Perkin-Elmer was now fully im- 


merved in the program. However, a mes- 


sage which Perkin-Elmer received from the 
agency, 13 April 1965, indicated that 
Perkin-Elmer's proposed designs were ta be 
compared with proposals from other 
companiese | In fact, im that same 
menage, the CIA project office informed 
Perkin-Elmer that, “This office has come 
to the considered judgement that the 
transfer on Fulcrum project information 
which has taken place ia the maximum 
which the government can furnish 
consistent with the preservation of a 
competitive environment. Effective im- 
mediately, detailed interactions with the 
government on Fuleram will be enjoined 
and limited to the issuance of a written 
statement of system and procurement re- 
quirements which will be issued promptly: 
We will of course entertain written 
requests for clarification of that docu- 
ments” 

in that same message, Perkin-Elmer 
was inetructed ta submit a formal 
of their selected designs by 7 May 1965. 
The Agency was apparently preparing for 
the upcoming “Land Panel" meeting which 
was initially planned for 25 Jume 1945. The 


pr 


Hs TOP-SECRET 


committee was to review the Fulcrum, 
Matchbox, and other competing configura- 
tions. The message also noted that Perkin- 
er should position itself for possible 
grain termination on 30 June 1965. 

On 4 May 1965, a preliminary presen~ 
tation was given by Perkin-Elmer manage~ 
ment to Dr. Wheelon at CIA headquarters. 
He was briefed on the two quite different 
systems which were emerging from the 
Perkin-Elmer studies} a modified version 
(F) of the original Ttek [F) design, and a 
modified version (M’) of Perkin-Elmer's 
Matchbox (M4) configuration.44 The formal 
technical preven saves 2 at the agency was 
given on 19 May 1965.29 

It was during the course of this 
activity that a change in the managerial 
direction of the Fulcrum program at 
Perkin-Elmer began to occurs After 
completing the Ad Hoe Phase I study 
program and preparing the proposal for the 
7 May 1945 presentation, Milton Rosenau 
continued to lead the engineering effort on 
the program reporting to Richard Babish, 
and through him to Dr. Macleish. 
However, in order to place more emphasis 
on this activity, the management of the 
program was changed from Rosenau to 
Macleish. 

The period from the beginning of 
March 1965 to the end of July 1965 was 
very active. In addition to studying the 
Itek (F) system, Perkin-Elmer examined 
other systems. The customer favored the 
"F" system concept. However, Perkin« 
Elmer was reluctant to follow through on 
that design since it had many short~ 
comings. It did, however, hawe one aignifi- 
cant advantage. As mentioned previously, 
one of the critical problems of space 
camera systems is thermal control. The 
“optical bar" design of the “F" system was 
an answer to that problem. The “optical 
bar" was first noted in an engineering 
notebook of an Ttek engineer in preparation 
for Itek Proposal No- 3233.40 The optical 
bar not only helped to maintain thermal 
control of the optical system, but also 
provided the scanning motion. Untortu- 
mately, the Itek film transport design 
proved to be unwieldy and cumbersome. 
The optical bar also reguired a large 
perforated optical flat. The manufactur- 
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ability of the fiat had not as yet been 
demonstrated by Itek- 

Although the customer realiged the 
shortcomings of the *"F* system, it still 
favored the “optical bar" concept. An 
early advocate of the “optical bar" at 
Perkin-Elmer was Dr. Rod Scott. In addi- 
tien, Robert M. Landsman, a young and 
competent electrical engineer recom= 
mended a "one-pass" modified F’ design®! 
ami Milton Rosenau wrote a two-page 
report proposing that Perkin-Elmer recom- 
mend the “optical bar” design with a “one~ 
pass" film transport system.*¢ Perkin- 
Elmer management, however, felt that a 
more thorough study was required before a 
final decision could be made. 

The Land Panel meeting was moved 
up a month to 21 July. In preparation for 
this meeting, a dry rum attended by the 
customer, Perkin-Elmer, General Electric, 
and SEAC representatives, was held on 20 
July-43 

Adter the Land Panel meeting, the 
CIA sent a message instructing Perkin- 
Elmer to embark on a program definition 
and final configuration study phase which 
would last three months. The Project 
Office requested Perkin-Elmer to select a 
final configuration by 18 August 1965.45 A 
modified three-month work statement 
later changed this requirement to 14 
September 1965. 

In a summary report, Perkin-Elmer 
documented the principal considerations 
entering info their recommendation at the 
F'ws M' briefing at CIA headquarters on 14 
September 1965. The recommendation was 
to pursue the PF’ system and discontinue 
further work on the M' system. *6 A 
message from the Agency dated 17 
September 1965 instructed Perkin-Elmer to 
terminate all work on the M‘ system.*! 

This conclusion waa the result of a 
leng and careful examination ef Itek and 
Perkin-Elmer systems which Perkin-Elmer 
began on 1 March 1965. It was a difficult 
decision since some of the participants at 
Perkin-Elmer were opposed to the Hek 
system under any circumstances, while 
wivecates of the modified Itek (F) system 
argued that Perkin-Elmer improvements 
made it a feasible design. The major 
improvements to the F’ system weret (1) a 


practical method of transporting the film 
on and off the rotating "Ber", and (2) a 
method of manufacturing the flat. 

Perkin-Elmer, the Project Office, 
and the associate contractors could now 
concentrate all their efforte on one 
configuration, the FP’ system. Dr. Macleish, 
who directed the program personally since 
May 1965, decided that this was an 
opportune time to reorganize the Engineer~ 
ing Department so that more attention 
could be concentrated on the Fulcrum 
Program. He placed W. Richard Werner in 
charge of the Special Projects Branch. The 
Ad Hoc Group was part of that branch and 
reported to W. Richard Werner.4% 

The new study program, which was 
started on 1 August 1965, required a 
reporting system. On 27 August 1965, the 
first message (Biweekly TWH Report), 
prepared in accordance with Task 14 of the 
three-month study work statement, was 
sent to the customer.#? Shortly after the 
12 September meeting in which the F" 
system was selected, Richard Babish, who 
prepared the first three biweekly TWX 
reports, started a new series of progress 
reports in accordance with Task 9 of a 
revised work statement dated @1 
September 1965.59 From that point to the 
present, there has been an unbroken chain 
of reports of technical progress, program 
costs, and project schedules. As a matter 
of interest, the first TWH report indicated 
that 58 Perkin-Elmer people were assigned 
to the program on the week ending 13 
August 1965. 

The new study program was ached- 
uled for completion on 15 Nowember 19645. 
It ultimately lead to a summary report and 
& presentation to an NRO task group by 
Perkin-Elmer on 9 December 1965.5! The 
presentation defined the study objectives 
and the results of the three-month effort 
which included (1) the preparation of a 
detailed proposal describing the design of 
the proposed system (2) the accomplish= 
ment of a series of experiments selected ta 
explore and solve key problems and (3) the 
interchange of technical findings among 
the associate contractors in the interests 
of devising an integral search/surveillance 
system. 

A final report which summariced the 
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work accomplished during the three-month 
period was submitted to the customer on 
28 February 1966.5¢ tt included a plan for 
& six-week period for the proposal présen- 
tation which would commence with the 
receipt of the formal request for a 
proposal (RFP) from the Government. The 
plan included the formation of a division 
within the newly organized Optical Group 
formed in June 1965 and headed by Robert 
H. Sorensen. The new division responsibie 
for the program would be called the 
Optical Technology Division (OTD) and 
would be managed by W. Kichard Werner. 
The Ad Hoc Project, formed in Jume 1964 
om the inital study contract, was to be 
élavated to department level within the 
division, headed by Michael Maguire. 

Perkin-Elmer was now gearing for 
the final phase of the Falerum program, 
preparation for the final request for 
proposal (RFP). As time went ony program 
personnel started getting anxious. An 
internal progress report dated 16 February 
1966 stated, “The program office feus- 
tomer) dees not have any additional infer- 
mation te support the date that an RFP 
will be forwarded or contract awarded."53 
But the day finally arrived. Om 19 May 
1966 Perkin-Elmer received an RFP from 
the Gawernment requesting that a proposal 
be submitted by 21 July 1966. The 156 
Perkin-Elmer people assigned to the 
program at that time began a grucling 
effort that would entail working overtime 
and spending weekends finalizing reports 
and completing experimenta. 

From that syromer day in June 1964, 
when Les Dirks and Jack Maxey first 
approached Perkin-Elmer, to the day the 
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Government issued the EFP, Perkin<- 
Elmer's modest involvement in the program 
changed te a company positioned to make a 
_#igpificant contribution to our national 


defense. 





Michael Maguire managed the AD HOw 
Department in 1965 and eventually became 
Viee President, General Manager, Optical 
Group Eest ami Optical Technology 
Division. His engineering leadersip wis 
tie driving force on the Hexagon Program 
at Perkin-Elmer. 
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ORGANATIONAL PERIOD 


At the time that Perkin-Elmer first 
became involved in the CIA reconnaimtance 
study (Fulcrum), later to become the 
Hexagon Program, the company was under 
the leadership of Richard § Perking 
Chairman of the Board and co-founder of 
the conpary. Robert E. Lewis was 
President. of the company and Chester W. 
Nimite, Jr. had just been promoted to 
Executive Vice President of Operations 
(elected President and chief executive 
officer on 1 January 1965). Robert H- 
Sorensen was Vice President and General 
Manager of the Electro-Optical Division, 
tr. Roderic.M. Scott was Vice President 
and Chief Scientist, and De. Kenneth G. 
Macleish was Vice President and Director 
of Engineering of the Electro-Optical 
Divisions! ‘These were the major partici~ 
pants in. a series of events that would have 
an impact on a critical national defense 
program and the future of Perkin-Elmer. 

Just eight years prior to the atart of 
the Ad Hoc project, the company separated 
ite functions into a commercial division 
and a government division. The Electro- 
Optical Division, under the direction of 
Rod Seott, developed a strong base of 
experiance on goveriment programs and 
nurtured a creative engineering force. In 


June 1965, this area of company business 





was elevated to Group status, when the 
Electro-Optical Division and the newly 
established Astre-Optical Division became 
part of the Electro-Optical Group. The 
new Group was headed by Robert HH. 
Sorensen, Group Viee President, who also 
continued as General Manager of the 
Electro-Optical Division. 

Seon after Dr. Macieish joined the 
company in January, 1962; he reorganized 
the Engineering Department in the 
Electro-Optical Division into several 
branches: Eranch D. was managed by 
Richard C. Babish and included a Special 
Projects Section responsible for classified 
recoundissance programs. Milten Dk. 
Rosenau was in charge of the Engineering 
Department reporting to Richard . 
Babish.” The project team for the camera 
study, which started on Jume 23, 1964, was 
formed from personnel in this section.” 

Earle Brown, a Staff Engineer 
reporting to Dr. Macleish, was appointed 
project manager of the initial three-month 
study. He was guided by a committee 
consisting of Dick Babish, Rod Seott, Milt 
Rosenau, Bob Hufnagel, and Kenneth 
Macleish- 

Perkin-Elmer received additional 
contracts on September 29, 1964, for 
follow-on work to the original three-month 
study- The new four-month effort was 
directed by Milton D- Rogenau. The engi- 
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neering force was expanded to 40 people, 
also from the Special Projects Section. A 
final report on the four-month. study 
ancluace an organization chart listing these . 
people.5 

At the end of this activity, in 
February, 1965, the CIA contracted with 
Perkin-Elmer for an additional month to 
keep the project team together and to 
work on particular problems. This effort 
was goon expanded by additional contracts 
which remained in force until the award of 
the Hexagon Frogram to Perkin-Elmer on 
Oetober 10, 1966. 

In the period from June to December, 
1965, Dr. Macleish directed the program 
with the assistance of Richard C. Babish 
and W.R. Werner, who was being prepared 
to take over program direction in 
Decen her. 

On December §, 1965, a day before 
an important high-level presentation to the 
customer, Kenneth Macleish established 
the Ad Hoc Program Department, origi~ 
nally called the Ad Hoe Project.’ By this 
time, the name of the Engineering 
Department, headed by Dr. Macieish, had 
been changed to Program Operations, and 
the letter designations of the branches 
were changed to more descriptive titles. 
The Ad Hoc Group, which was elevated to 
department status, was to be managed by 
Michael Maguire who previously managed 
the Systems Department in Program 
Operations. 

W.K. Werner was made responsible 
for the line management of both the 
Special Instruments Department and the 
new Ad Hoe Departthient, reporting to 
Kenneth Macleish Milton Rosenau was 
made Manager of the Advanced Derelop- 
ment Section in the Special Instruments 
Department. 

The December 9, 1965 presentation 
included a discussion on a proposed project 
aeganization establishing the Optical 
Technology Division. Although there were 
changes in the lower management levels, 
the basic project structure remained 
unchanged through the proposal phase.4 A 
new organization chart appeared in the 
proposal which Perkin-Elmer submitted to 
the government on July 21, 1946.7? Since 
then the OTD orgamization has been fine= 


watalents and capabilities of 


tuned to respond to the needs and priorities 
of the Hexagon program. AS in any 
activity, the needs of the project and the 
the people 
associated with the project usually dictate 
the manner im which an activity is 
organized. (See Appendix H.) 


Dr. Roderic Scott (left), Chief Scientist in 
i964, managed the early afreraft 
reconnaissance systems at Perkin-Elmer 
and made major design contributions to the 
Hexagon Sensor Subsystem. Dr. Kenneth 
G. Macleish, Vice President and Director 
of Engineering, Electro-Optical Divisien in 
i964, managed the early engineering 
studies on the Hexagon Program. 


Richard S. Perkin (left), Chairman of the 
Board and Co-founder of the company, and 
Chester W. Nimitz, Jr.. Executive Vice 


President of Operations, headed the 
conipany during Parkin-fimer’s entry inte 
space reconnaissance activities in 1904. 
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EARLY TECHNICAL DEVELOPMENT 


The development of the U.S. fourth 
generation photographic space reconnais- 
sance camera started in the spring of 1964. 
Preliminary work began at the Itek 
Corporation, Burlington, Massachusetts on 
an information gathering syatem which 
could achieve the ground resolution 
necessary for spotting reconnaissance, 
while at the same time, provide the wide 
eoverage needed to carry out a search 
mission from an orbiting satellite. 

The parameters affecting microwave, 
infrared, and wisual spectrum band sensors 
and the resolution capabilities of these 
devices were exammed. The conclusion 
waa reached that 
working in the visible region of the 
electromagnetic spectrum was the best 
chohorts 

After making the. basic selection, 
ttek submitted a proposal in May 1964 
recommending a panoramic type camera 
with a capability of providing high ground 
resolution and wide area coverage. The 


configuration selected was termed the 


“aptical bar."! The arrangement is 
basically a reflective system with 
refractive elements used only to correct 
aberrations amd flatten the focal plane. A 
acanning or panoramic type of camera was 
selected since it allows use of a high 
quality optical system with its inherently 
narrow field in a bread coverage system. 

This type of system has the 
advantage of a large scanning angle limited 
only by vehicle window size or vignetting 
by an adjacent camera used in stereo 
coverage. Tradeoff studies involving depth 
of focus, exposure time for Eastman 
Kodak Type 4404 film, available vehicle 
space and weight limitations resulted in 
the selection of a 60-inch focal length; 
{/3.0 optical ayatem. The newly emerging 
acieice of using Modulation Transfer 
Functions for the selection of system 
parameters and film characteristics guided 
the eclection of focal length and aperture 
Sites 

It was at this point that the CIA 
decided to fund a parallel study (Fulcrum) 
at Perkin-Elmer as a backup to the work 
being performed at Itek. This was not 


Hx TOP-SECRET. 


unusual gince the government frequently 
has several companies working on the sane 
problem to insure the development of the 
most effective system. 

On 23 June 1964, Perkin-Elmer 
started work on a three-month study of a 
satellite-borne photographic reconnais- 
sance camera with the following 
operational requirements. 


Ground resolution 
Operating Altitude: 
Cowerage with stereo? 


2-5 feet 

100 sawtiea! miles 
Continawus swath, 
approximately 
200 nim wide 


The system was to use Eastman Kodak 
Type 4404 film with suitable allowance for 
potential improvement in exposure index. 
Target contrasts, as observed from the 
aperture of the camera, were ta be Zils 
Additional requirements mentioned in the 
final report was a space restriction 
imposed by a 10-foot diameter vehicle 
size, a 30° stereo convergence angle and a 
total sean angle of 90°. 

The attention of the Perkin-Elmer 
study was directed toward definition of the 
optimum form or forms of systems, power 
and environmental requirements, compati- 
bility with Glm recovery systems, control 
methods, operational reliability, and the 
identification of special problem areas. 

A parametric study resulted in the 
selection of a photographic system with an 
aperture of 20 inches, a focal length of 120 
inches, cowering a 9-inch "film format and 
scamiing a <é00-nautical mile swath, 
capable of a ground resolution of ¢ feet at 
nadir. This set of parameters represented 
an upper limit of ayatem sier, weight, and 
performance level and was used as the 
basis for the investigation of alternate 
configuration concepts. 

Of the possible camera types, the 
frame camera and the strip camera were 
eliminated as candiates in. the early stages 
of the study and the effort was 
concentrated on developing configurations 
of various panoramic cameras. 

At the outset, it was apparent that 
an @ptical design of High performance 
would be required to meet the 
specifications. Study of previous work by 
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: cra 
Early sketches of the “Optical Bar" | 
taken from an Itek engineering | 
notebook dated 22 May 1964. | 


The top sketch shows the primary | 
mirror (right side), the diagonal | 
mirror and the corrector plate | 
(center), and an outline of the 
gipply and take-up film spool 
(left). 


The eenter sketch identifies the 
various parts of the Optical Bar. 
Majer parts include the primary 
mirror assembly (2), the diagonal 
mirror (83), and tre field lens 
asgembly (12). 


The lower sketch shows the | 
spacecraft envelope containing two | 
optical bars. 
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Perkin-Elmer of large near-diffraction- 
limited optical designs suggested the 
further study of three types for detailed 
comparison: the Petewal, a folded 
Maksutoy, and the Flat Field Schwidt. Of 
the three designs considered, the folded 
Maksutow and an unfolded variation were 
the most suitable for use in the system. 

it alag became apparent in the course 
of the study that the incorporation of a 
transfer lens in the system would provide 
substantial advantages in nearly every 
possible configuration. The basic choice of 
an optical arrangement was a catadioptric 
system consisting of an objective mirror 
and a correction lens at the entrance pupil. 


Hz-TOP SEGRET- 


A transfer lens system has the function of 
transferring the image from the focal 
plane of the primary optical syatem to 4 
second feeal plane in which the file i¢ 

A large number of possible configue 
rations were studied and included factors 
such af method of scanning and film 
transport techniques. One system charac- 
teristic given considerable weight in. this 
investigation was the capability of 
extracting film from the supply at a 
constant rate during the photographic 
period. The Perkin-Elmer study resulted in 
three alternate configurations: Matchbox, 
Searecrow, and Ferris Wheel. 
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Focal length 
Aperture diameter 
Duty eyele L& 
Film velocity iid ips 


Matchbox: This syatem scang with an 
oscillating mirror. Its optical system, 
film supply, and take-up are fixed in a 


aul in. 
stabilized vehicle. EH provides two 
independant systems which can be 
operated separately in the event of 
failure of one. Estimated weight of 
this system was 2400 pounds. 
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Senbectow: This system scans by - Focal langth “120 in. 

rotating a section of the vehicle, gx 

which includes the film take-up and Aperture diameter =» 20 in. 
the reentry vehicle. Film transport is Duty eyele 1 

aver a counter-rotating drum. The . re se 

estimated weight of this single system Film velocity 201 ips 

configuration was 3150 pounds. 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Ferris Wheel: This system scans by erigt 99 in. 
rotating lenses. The film supply and ' 

the take-up are fixed in a stabilized Aperture diamete 20 in. 
vehicle. Fim transport is over a Tis J I 
counter-rotating drum. It provides 

estimated weight of ils system was 

4080 pounds. 
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‘The study report was to be completed 
by 28 September 1964. However, work did 
not proceed at the anticipated pace and as 
a reault, no sound technical basis had been 
established for the choice of one of the 
alternate syatems. 

At a@ meeting on 14 September 1964, 
the CIA asked Perkin-Elmer to submit a 
proposal for three-months additional work. 
ao the initial study, including a preliminary 
design of all three configurations selected, 
plus some component development and 
experimental work. However between that 
meeting and 25 September, Perkin-Elmer 
received new ingtructions. 

Perkin«Elmer was to select the single 
thost desirable system for detailed Phage I 
study and design by 2 October 1964. In 
addition, the work statement included a 
requirement for a program plan that would 
result in a production run of 40 unite at a 
rate of one per month, aimed at a first 
flight on 1 November 1966. This was 
exactly the same activity that Itek began 
on | September 1964. Two other com- 
panies were involved on this effort. The 


General Electric Company was developing 
4 spacecraft and the Aveo Company was 
working on a reentry vehicle for the 


proposed camera ayatem. Perkin-Elmer 
was mow in direct competition with the 
Itek Corporation for 4 reconnaissance 
syste. 

Milton Rosenau was selected as 
Program Manager on the new study 
program. The project team was increased 
from the initial group of approximately 12 
people to over 40 engineers and 
technicians. 

The CTA established preliminary 
Fulcrum camera performance specifica- 
tions which included the following: 


The €amera payload was to be 
launched in a Titan vehicle. It was 
ta bees an area coverage {search} 

with the beat possible 
seh eA and inchide continuous 
stereo coverage with equal quality 
pairs at 30° convergence angle. The 
aystem was t6¢ be ¢apable of 
mencecepic operation ingle camera) 
using Eastman Kodak Type 4404 film. 
The tiaximum system weight was 


2200 pounds with a file supply not 
exceeding 900 pounds (a requirement 
arrived at on the basis of a 10-day 
mission lifetime). The ground resolu~ 

tien at nadir was to be better than 5 

feet, and the scan angle specified for 

the system was 120°. It was algo 
desirable to obtain the maximum 
possible area coverage per mission, 
although no firm minimum coverage 
requirement was specified. The 
specification also noted that the scan 
angle (120°) and the stereo angle 

(30°) were under study and might be 

revised downward. The specification 

also revealed that the proposed 

design had to be compatible with a 

late 1966 first launch, given a March 

1965 program approval. The space= 

craft contractor was to be selected 

by early November 1964. 

The parameters for the optical 
aystem <¢atablished im the initial theee- 
month study [Phase 0) were the basi for 
the Phase I Study. It was shown in the 
course of the Phase 0 effort that a system 
which would reliably resolve ground targets 
in the two to five foot range should have a 
focal length of approximately 80 inches 
and a relative aperture of the order of {/4. 
These values were adopted in the systei 
selection study which initiated the Phase I 
effort and were reported is the Ad Hoc 
Supplementary Report 101.4 This was a 
continuation of Earle Brown's study in the 
Phase 0 effort. 

The Earle Brown report provided 4 
classification of panoramic camera 
syatems with the characteristics required 
by the Fulcrum specifications. The 
classification identified 576 possible 
aystem arrangements, some of which were 
illogical, but some of which could be 


Sixty systems were " salected for 
consideration in choosing the optimum 
configuration. A. Maksutov optical systeu 
with a relative aperture of {/4 waa 
selected. Refractive systems were not 
considered feasible for the Fulcrum 
application ami the Makeustev system was 
sufficiently representative of catadiogtric 
systems for the purpose of the study. 

First stage elimination reduced 
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considerations to five categories: 
Oscillating Turnstile, Retating Turnstile, 
Oscillating Broomstick, Rotating Broom- 
stick, and the Rotating Ferris Wheel. 
After consideration of components needed 
in the various forms [a process in which the 
need for a large Oat Wirror was a 
significant factor), the formal choice 
eventually fell to an Oscillating Turnstile 
system as poasessing the most advantages 
and the least disadvantages. 


The Turnstile configuration has a 
roller film transport at the focal 


plane. The fold is taken in a plane 
norm! to the sit, and the oscillation 
of the film transport is around an axis 
parallel to the film plane, which 
avoids the necessity for twisters. 


Hz TOP SECRET 


The following are the : 
of the Fulcrum system? 


, Focal Length 
— 


= aly Weight 
Film Weight 


Coverage 
«Stereo 


-Mono 
Payload Sise 
Exposure Time 


Slit Width 
Film Velocity 


Resolution at 


stem specifications 


72 inches 

£74 

T/7.9 

1700 pounds 
1106 pounds 
feet x 6.0 inch) 


(34,000 


5.3 x 108 
aquare miles 
11.6 x 106 
square miles 
il4 inch diameter x 
132 inches long 

1/200 second on 4404 
film (30° sun angle) 
0.315 inch 

63 inches/second at. 
Vih » 0.042 radfsec: 

2 to 3 feet 


nautical 


nautical 


nadir 
Stereo Angle 30° 
Sean Angle +45 (90° total) 
Orbit Altitude 100 nautical miles 


While the fundamental design 
approaches adopted on the Phase I program 
represented techniques which were proven 
effective in prior hardware development 
efforts, there were a number of areas in 
which it was deemed advisable to design 
and construct breadboard: to prove 
feasibility of the design approaches; to 
Make quantitative measurements to asgure 
meeting the camera specifications; and to 
more effectively visualize the system in @ 
three~dimensional form #o that stractural 
design and space utilization could be 
optimized. Seven, design areas were 
breadboarded and tested: 


The film transport aystem, 
from supply through the camera 
to takeup, was breadboarded in 
full scale {this was called the 
“cocktail shaker“), 

A small optical mockup was 
eonstructed te demonstrate the 
correctness of the image orlen- 
tation and motion analysis. 

Two structural mockupa of the 
complete system were made; a 
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amall-scale “Meccano” mockup 
to aid in space visualization, 
acan cycling techniques, and 
structural concepts, and a full- 
acale leas cone mockup (cock- 
tail shaker) to furnish the 
effective visualization of the 
overall system sige and weight, 
te demonstrate the nature of 
fhe dynamic interactions in- 
volved, and to furnish a 
dynamic vehicle for the full- 
scale transport system mockup. 
én electromechanical func~ 
tional breadboard of the essen 
tial elements of the film 
velocity control system, in« 
chiding the requirements for 
getting of the nominal velocity 
by a focal length adjustment 
*knob,” and for modulation of 
the film velocity during scan, 
waa constructed and tested. 

A dynamic functional model of 
the camera system was con- 
structed to study the dynamics 
af the acan cycle, as an input. to 
the «effective design of a 
minimum energy camera drive 
control, was built. 

A small-scale mockup of the 
film transport drive mechanism 
and the exposure slit area was 
constructed and tested to aid in 
the development of the film 
transport control servo sya- 
tems, and te demonstrate the 
effectiveness of the dilferen- 
tial film tensioning device 
which maintains adequate ten- 
gion in the platen area without 
the expenditure of large 
— of energy at the 


A "Ronchi Grating Inter=- 
ferometer was constructed to 
measure film flatness in the 
platen area to determine the 
tension requirement to main- 
tain camera focus within the 
established tolerance. 


The Perkin-Elmer four-month study 
report and proposal were submitted to the 


CIA on 1 February 1965 as scheduled.4 

While Perkin-Elmer was working on 
the Fulcrum, Mek was involved in the 

ibility study of a configuration 
(optical bar* concept} they bad proposed 
to the CIA in their May 1964 proposal. 
Itek started Phase I af the Fulerum 
program on 1 September 1944 and 
constructed various breadboards and a full 
scale working model of the “optical har.’ 

Ttek submitted a final report to the 
CIA on 26 February 1965, a month after 
Perkin-Elmer submitted theie version of 
the Fuolerum aystem.5 Unlike the 
Perkin-Elmer eyetem which consisted of 
two lens cones using an oscillating scanning 
motion, Itek's “optical bar“ scanned in a 
continuous motion. The basic idea of the 
‘optical bar“ was developed by Itek. in a 
1962 study. The configuration is known to 
most optical companies, however, it was 
Itek that first applied it to the Fulcrum 
system. The proposed design was a 60-inch 
focal length, £/3.0 optical system, with a 
transfer lens ayatem» The following are 
the system specifications of the Itek 
Fulerum design. 


40 inches 
oe 


Focal Length 

Aperture 

Speed 

Camera Weight 

Film Weight 

Coverage 
~Stereo 


2340 pounds 
i. 


58 x_ 105 nautical 
miles 

1.6 x 10° nautical 
miles 

Payload Sice * 

Exposure Time 

Shit Width 

Film Velocity 

Resolution at Nadir 

Stereo Angle * 

Sean Angle #60 (120° total) 
Orbit Altitude 100 nautical miles 


-Mono 


*Not included in report. 


ltek’s design was based on experience 
acquired during development and test of a 
full-scale film trangport brassboard and 
eritical optical elements. 

Isitially, 1 March 1965 was the date 
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Perkin-Elmer "Fulcrum" Camera 
Phase I Design Proposed in 
Jomuary 1965 
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Film Path for Phase { 
_ Aft-Looking Camera System 
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Full scale mockup of Perxin-Elmer's Phase I design. 


Due to its 


configuration and operation, it wos nicknamed the “cocktail shaker." 
it contained a film transport system consisting of rollers and air bars, 
and transferred film from a supply spool te a take-up spool. 


on which the camera contractor was. to be 
selected. However, just prior to the date, 
Itek decided to withdraw from the {CIA) 
competition. 

The CIA was sow placed in a 
dilemma. [t favered Itek's comcept of the 
“optical bar" ewer Perkin-Elmer's "cocktail 
shaker”, but wanted the full 120° scan 
which tek considered unnecessary since it 
would be used infrequently. 

The CIA decided to ask Perkin-Elmer 
to continue the development of the 
“optical bar” configuration. On 1 March 
1965; Bud Wheelon, head of the Science 


and Technology Group of the CIA, visited 
the Perkin-Elmer Corporate headquarters 
in Norwalk, Connecticut to digcusa this 
possibility. Mr- Nimitz agreed to continus 
the program} however, be was reluctant to 
de se without a thorough analysis of the 
Ttek system. 

Perkin~Elmer engineers began their 
review of the Fulcrum or "F" system (also 
code named Protem at Perkia-Elmer} and 
after working on the analysia for almost 8 
weeks, Perkin-Elmer developed a modified 
version of Itek's concept, the “F=-Prime’ 
system. In addition to the PF’ design, 
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Itek's Engineering Brassboard of the Optical Bar 


Perkin-Elmer also developed an entirely 
different configuration called the M’ 
system. <A system called the Matchbox or 
“w" system Kad been studied during the 
Perkin-Elmer Phase “O" effort from June- 
September 1964. An "M" syatem design, 
funded by the USAF, was alse developed by 
the Eastman Kodak Company. This study 
contract wag transferred to [tek sometime 
after March 1965. 

The concept was resurrected, and 
with modifications and improvements, was 
developed to fulfill the new requirements 
of the Fulcrum aystem. At the time that 
Perkin-Elmer developed the F’ design, 
Macieish felt that it was an unnecessarily 
big, heavy, and expensive system and 
decided that it would be a good idea to 
look into a simpler system and compare the 
two systems (i.e. the F' system and the M’ 


system (based on the Matchbox 
configuration]. These were defined in a 
CIlA meee to Perkin-Elmer dated 14 
April 1965. 

The new Fulerum camera system 
requirements were te be the basis for 
evaluation of proposed designs which were 
scheduled to be presented to an NRO study 
panel. The specifications were expanded 
and refined but essentially contained the 
original Fulcrum requirements. The 14 
April message specified that the camera 
scan angle had to be at least 90° with a 
scan angle capability up to 120° adjustable 
prior te launch. The camera system design 
weight ceiling was established at 3400 
pounds, including Hilm and camera 
mounting structure, but not ancillary 
camera hardware such as the Stellarfindex 
unit and the recovery takeup assem bly. 
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Profile of Itek’s Brassboard Configuration 
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Outline of the Perkin-Elmer 
"MM" Camera Configuratiai. 


Outline of the Itek 
Fulcrum {F) Camera 
System. 
































Outline of the 
Perkin-Elmer modi- 
fied version (F") of 
itek’s (F) camera 
system. 
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Perkin-Elmer presented both the F’ 
and the M* systems at the Land Panel 
briefing which was held on 21 July 1964. 
The purpose of the panel meeting was ta 
review the CIA's proposed systems (F" and 
MM) and other competing systems which 
included a mew Itek design now sponsored 
by the USAF, and am Eastman Kodak 
concept {also funded by the USAF). 

The Land Panel decided that a three- 
month system definition phase was 
necessary to firm up the desigas of the 
competing systems. Perkin-Elmer was to 


take a final choice between the F’ and the 
i’ systems prior to 18 Auguat 1965. On 14 
September 1965, during a presentation to 
the GLA, Perkin-Elmer recommended drop- 
ping the M‘' system and continuing work on 


the F' system. This was approved by the 
cme 

A revised work statement was 
formulated by the CIA on 17 September 
1965 to define the work that was te be 
accomplished on the F’ aystem design. 
Various engineering and experimental tasks 
were outlined and completion dates were 
specified. 


There was to be one more 


‘preliminary review of all competing 


ayatems by the National Reconnaissance 
Olfice prior to the release of the Request 
For Proposal (RFP) for the fourth 
generation reconnaissance camera. The 
Director of the NRO established a task 
group to provide him with information 
which would be used to assist him im 

































































































































































































































































































































































































































































































































































































































































initial Concept Drawing of Perkin-Eimer's Sensor Sibsystem Design 
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The Conceptual Drawing of Perkin-Elmer's Hexagon Camera System 


determining the course of action at the 
camera contractor oo before and 
during source selection.’ The task group 
was scheduled to visit Perkin-Elmer on 9 
December 1965 and Itek on 10 December 
1965. The Perkin«Elaner presentation in- 
cluded the status of the F’ design activity, 
a brief historical account of the company’s 
activities relevant to the new 
search/survelilance system, and the 
projected state of the project in the time 
span between 1 January 1966 and 1 April 

After the presentation to the NRO 
representatives, Perkin-Elmer continued 
ite work on the FP" system and made 
preparations for the final proposal. The 
RFP for the fourth generation ayatem was 
finally released is the camera contractors 
on 21 May 1965.10 

For the next § weeks, the major 
effort at the newly formed Ad Hoc Depart- 
menk was proposal preparation. Engineer- 
ing analyses and experimental tests were 
conducted to support the technical pro- 
posal. 

The 12i-page RFP contained not only 
the design criteria and performance re= 


quirements of the new reconnaissance 
camera, but also detailed requirements for 
program control and administrative 
functions. The proposal request included a 
further refinement of operational and 
perlormance requirements previously 
stated in funded studies and work 
statements. 

The reqiired ground resolution for 
the system from design perigee altitude 
was to be 2.7 feet or better at scan nadir. 
Stereo coverage of at least 20° but not 
greater than 30° was ta be provided. The 
acan angle was to be at least +459 but mot 
to exceed +605 The required daily 
coverage was over $66,500 nautical square 
tiles. 

The specified ground resolution re- 
sulted from work performed by Frank Scatt 
in. Perkin-Elmer's Research Department, 
Working with Drs. Donald N. Buckner and 
Al Harabedian of Human Factors Research, 
through a subcontract, Scott conducted 
paychophysical assesamenta of phote- 
interpreter performance (mot necessarily 
preference) as a function of ground 
resolution. A series of guch studies were 
ecomlucted for Les Dirks. 
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: FELAMG Pats 


PAC AER SENSOR Ut 


karly Perkin-Elmer Sketch of Hexagon Camera Showing Major Ceamponents 


and [ED EINE) of the National Photo- 


gtaphic Interpretation Center assisted and 
wade available practicing professional 
photo-interpreters to serve as subjects. 
Likewise, studies showed photo- 
interpreters performed best with stereo 
convergence angles of abaut 10° while 
photogrammetrists minimized mensuration 
errors with large angles, greater than 30° 
to satisfy both kinds of users of the 
prospective Hexagon System imagea, Les 
Dirks decided on 20°. 

The new camera was to be launched 
in a Titan DTD and capable of operating 40 
Minutes per day. The initial planned 
mission duration was now 30 days, with a 
capability of extemled missions to $0 days. 

The technical evolution of the fourth 
generation reconnaissance camera, spon~ 
sored and funded by the CIA, involved the 
technical participation of beth the Itek 
Corporation and the Perkin-Elmer Corpo- 
ration. Beginning with the Itek study in 
the epring of 1964, to the inal improved 
version of the “eptical bar" configuration 
developed by Perkin-Elmer, required over 
two amd one half years of engineering 
effort. 

Perkin-Elmer submitted ite proposal 


for the new camera on 21 July 1965.1! 
However, this was not the end. After an 
initial evaluation, the NRO requested 
additional supporting data from the camera 
contractors and asked that technical 
personnel from these companies attend a 
three-hour briefing and be prepared to 
answer questions. The jpeetings were held 
on 2 and 3 August 1966.14 

On & aml 9 August, two proposal 
evaluation teams, beth technical and 
operations, visited Perkin-Elmer.44 9 In 
addition to a formal presentation by 
Perkin-Elmer management and program 
personnel, the task groups held working 
sessions with various production and 
logistics personnel and examined the 
facilities which were scheduled to be used 
on the new program. 

On 1 September 1946, the Source 
Selection Board, headed by Chairman 
Leslie C. Dirks, reported their findings to 
De. Flax (Director of the NRO). The 
report suggested that certain deficiencies 
existed in the proposals and indicated the 
need for a careful reassesament of the 
impact on cost and achedule to rectify 
these deficiencies.4 

Members of the Office of Special 
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Projects/CIA visited Perkin-Elmer on § 
September 1966 to establish ground rules 
for the reassessment of the development 
schedules and associated costs. Perkin- 
Elmer's response was hand-cartied to the 
Source Selection Board on 26 September 
1966. 

Program personnel at Perkin-Elmer 
continued to work on useful engineering 
analyses and experimental tasks to the day 
the winning proposal was announced by the 
NERO. 


AWARD OF CONTRACT 


On 10 October 1966, a phone rang in 
Bob Sorengen’s office. The call was from 
John Crowley, Director of Special Projects 
in the CIA. Unfortunately, Bob Sorensen, 
who at that time was Senior Vice President 
of the Optical Goup, was attending a 
theeting outaide of the plant. However, his 
secretary was finally able to reach him and 
infewm him of the phone call. Upon 
contacting John Crowley, Bob Sorensen 
was given the good news. Perkin-Elmer 
had won the competition for the fourth 
generation reconnaissance camera, the 
Hexagon program. Two days later, the 
award of contract was confirmed officially 
by a TWX message that read in part, "This 
is to advise that your proposal has been 
reviewed aad evaluated by the government 
amd you have been selected for the award 
of a contract for easentially the effort as 
outlined in reference proposal." 

Ae soon ag Bob Sorensen learned of 
the award, be called Dick Werner who 
headed the proposal activity and was to 
become the General Manager of the new 
Optical Technology Division designated to 
implement the Hexagon program. It was te 
be the third division in the Optical Group. 
The following morning, Dick Werner called 
all his program people together in a large 
engineering work area. He jumped up on a 
table, Git up the largest cigar any of them 
had ever seen and announced that Perkin- 
Elmer had won the competition. After a 
momentary sigh of relief, there was an 
immediate shout of joy that echoed 
through the halls. After the hand-shaking 
and back~slapping were over, Tick Werner 
said, "Now let's roll up our sleeves and get 


A HISTORY OF 





to work.” And work they did! The waiting 
period was over and they could now move 
full speed ahead. 


W. Richard Werner headed the Hexagon 
proposal team and later became the first 
General Manager of the Optical 
Technology Division. 


The technical and administrative 
problems ahead, however, would prove to 
be ten times more difficult than anyone 
had envisioned. In many instances, this 
program was te change the careers of 
many in the company, and to some extent, 
have a personal impact on their lives. This 
was not to be a 9 to § job. It was a task 
that would test the temper and character 
of many sasigned to the program. Some 
would become stronger because of their 
invelvement, some would be hurt 
amotionally and physically, and some would 
fall by the wayside to be replaced by 
stronger ones. 

One thing was clear at the outset — 
the success of this program could never be 
compromised because of any individual or 
situation. The program came first and 
accommodations were made by program 
personnel at all levels. If if meant working 
straight through a 24-hour day to selve a 
eritical problem or finish a vital teat, there 
was no hesitation on anyome's part. This 
attitude prevails to the present. 

The weeks following the award were 
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very active. A Kickoff meeting was held 

1920 October 1966.4 It was a complete 
review of the Hexagon program. organiza- 
tions including the CIA, the System 
Engineering Contractor (CIA technical 
consultants), and the Sensor Subsystem 
Contractor (Perkin-Elmer). Hexagon pro- 
gram responsibilities were discussed and 
interim operating ground rules were 
established. Working group sé€ssiona 
included the Assembly and Checkout 
Group, the Security Group, and the 
Contracts Group. 

A preliminary event list was 
com piled. Among the key milestones 
established were the letter contract award, 
the completion of the program plan, and 
the issuance of the formal contract award. 
To cover the period between 1) October 


1966 and the day that the formal contract" 


was to be issued (April 1967), negotiations 
were beld with | 

tracting Officer) and Thomas Kindilien 
{OTD Director of Contract Administration 
and Purchasing}. Perkin-Elmer was 
authorized ta proceed with the Hexagon 
program in accordance with a statement of 
work outlined in a TWH message for a 
six-month period. A letter contract was 
aventually received by Perkin-Elmer on 23 
November 1966. 

The organization of the new Perkin- 
Eliner division was now in effect. Dick 
Werner, General Manager of OTD reported 
to Bob Sorensen, Senior Vice President of 
the Optical Group. On the day that the 
eonteact was awarded, OTD had a total of 
217 people.4 

To understand the status of the 
Hexagon progeam at OTD the day the 
contract was awarded, it is helpful to 
review the tasks that were worked on from 
the beginning of the program (23 June 
1964 to 10 October 1906). During this 
period most program personne! were 
incated in the Wilton facilities, both 40 
Danbury Road and 77 Danbury Road. 

The first statement of work covering 
Phase 0 (June 1964 to Sept 1964) specified 
that, “The attention of the study effort 
will be directed toward definition of the 
optimum form or forms of system, with 
particular amphasia on factors such as aize, 
weight, power, and environmental require~ 


ments, compatibility with film recovery 

ems, control methods, operational 
reliability, and the delineation of special 
problem areas." The program was planned 
in three steps? a parametric study, 
investigation of alternate configuration 
concepts, and determination of the signifi- 
cant problem areas. The original intent 
was to complete all three steps and submit 
a final report on 28 September 1964. 
However, work did sot proceed at the 
anticipated pace with the result that on 
that date, the program had progressed 
nearly through step two, with preliminary 
work accomplished in step three. 

At a meeting between OLA represen- 
tatives and Perkin-Elmer on 14 September 
1964, it waa decided that the program be 
continued until 1 January 1965. An 
additional statement of work was agreed 
on and included the following: 


(1) Continuation of preliminary 
design effort om the three 
alternate systems to the point 
where a choice can reasonably 
be made on technical grounds, 
Completion of optical design 
investigation of transfer lens. 
system. 

Investigation of automatic 
focus control feasibility. 
Feasibility and effectiveness af 
exposure control. 

Study of techniques for closed 
loop Image Motion Compensa- 
tion. 

Determination of desirable 
characteristics of an optimum 
film. 

Analysis of interfaces and 
interactions of photographic 
system with vehicle in the case 
of all three systems (ie. 
Momentum, rol~joints, attitude 
control, ete.)}. 


The delivery schedule of the final 
report on Phase © was changed te 15 
October 1964. It was delayed and finally 
delivered on L6 November 1964. 

During the time that the Phase © 
activity was in progress, the CIA also 
requested Perkin-Elmer's inveleement in a 
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detailed Phase I steady and design effort for 
a production model of the fourth 
generation reconnaissance camera. The 
work statement agreed on by the CIA and 
Perkin-Elmer on 29 September 1964 
included the following:’ 


(1) By 2 October 1964 (changed to 
19 October)§, select the single 
most desirable system for 
detailed Phase I study and 
designs Thereafter: 
fa) Proceed with the detailed 
optical design (study), 
eomplete Class "A" draw- 
ings of the optical ele- 
ments, determine lead 
times and specify manu~ 
facturing tooling amd test 
procedures. 
Proceed with the design 
of a film transport sub- 
system. Breadboard ele- 
ments of this subsystem 
for delivery and deliver 
an evaluation report with 
test results. 
Proceed with the camera 
design to the point. where 
drawings suitable for the 
enginecring model can be 
prepared. Some mockups 
will be made. 
Accomplish the necessary 
thecretical analyses to 
define the thermal, stress 
and other environmental 
parameters critical to 
system design and perfar- 
POAC. 
Gomplete detailed perfor 
mance predictions. 
Investigate and define 
weight, power, interfaces 
(thermal, mechanical, and 
electrical), coverage, and 
reliability- 

Carry out a design of relmaging 

optics. 

Design and breadboard an auto- 

focus mechanism for delivery, 

and deliver an evaluation report 

with test results. 

Prepare a program plan te 


inchude: 

(a) Schedule for engineering 

model and protetype 
units. 
Schedule of funding and 
other resources required 
to achieve a production 
run of 40 unite at a rake 
ef one per month, ained 
at a first Hight 1 
November 1966. 

{c) Milestone schedule or 
PERT chart for critical 
items. 

Deliver a final report covering 

all the ahowe. 

Submit monthly letter reports 

covering technical pragress, 

manpower loading, and fund ex- 
penditure. 


The final report on Phase I was 
delivered to the CIA on 1 February 1965. 
However, based on discussions in 
Washington, D.C. 26 January 1965, Perkin~ 
Elmer was asked to do additional work on 
the following tasks during the month of 
February.? 


(x) On existing “(77 samples, 
measure critical physical prop- 
erties. Analyse op “yl struce 
ture for molded 


ip I 
dynamic system for one cone to 


verify feasibility. Study 
tradeoff of duty cycle and 
accelerations. 

Complete analysia of film posi« 
tion when supported by two 
rollers in platen. 

Investigate and identify cause 
of high frequency flee flutter 
in vacuum by experimentally 
varying hele patterns lin gas. 
bars}. Measure gas flaw. 

Obtain further laboratery data 
on autofocus breadboard to test 
theory through wider range of 
eonditiens. Extend the bread~ 
board to include Phase sensitive 
demodulation for signal pro~ 
cessing. 
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ip 
the above five tasks, travel, 
extension of leases on equip- 
ment for one month, guards for 
one month, and phones. 


In the same measage listing the above 
tasks, a Perkin-Elmer letter ia referenced 
iMW-AH-32, 21 January 1965) discussing 
GEMS and AIM. These activities for the 
CLA began on 21 January 1965, were ta be 
completed by 30 March 1965, and later 
extended to 7 June, 1965 and inchaded two 
tasks. LO 

Task I Preparation of 12 GEMS. 
Each Gem shali be a 
simulated enlargement of 
a camera negative. The 
detailed general descrip- 
tion and detailed specifi- 
cations are specified in 
Attachment I to the sub« 
pect contract. 


To measure the 3-bar tar- 
get modulation detect- 
ability of Kodak films 
type 4404, type 50-204, 
and type SO-l2] as a 
function of exposure, pro- 
ceeting, and shape of 
modulation transfer func- 
tion curve. The detailed 
requirements are speci« 
fied in Attachment 1 of 
the subject contract. 


Om 1 March 1965, Chester Nimitz, Jr. 
received an important phone call. 
Jota Crowley of the CLA asked ham to 


“optical bar" concept developed by the Itek 
Gorporation. The CIA apparently had a 
stronger interest in the optical bar concept 
than it had in Perkin-Eliner'’s Phase [f 
design, the “cocktail shaker." 

(Later Eastman Kodak's "M* system, 
aia developed in Phase I of the Pulcram 
program, would be continued by the Itek 
Corporation because of Kodak's involve- 
ment in the Manned Orbiting Laboratory 
program.)  Gheater Nimite, Je. replied 
that Perkin-Ebmer would be unable to 
accept the assignment unless it had an 


Ex- TOP-SECRET 


opportunity to review and analyze the 

optical bar syatem. The CIA agreed to this 

aftfangement and a statement of work 
covering this activity at Perkin-Elmer was 
approved. it included the following 
taska:i! 

fa) Cemmencing 1 March 1965 con- 
tinue useful work as outlined in 

Ref. 1 (TWX Message 

3421) plus review of material 

Utek design reports} furnished 

(Perkin-Elmer) at (CTA 

headquarters) on 5 March. This 

review ta continue thru @2 

March 1965. 

Commencing 22 March 1965 

and continuing thru 20 April 

1965 (changed to 7 May 1965)12 

complete the following taske as 

indicated. 

{1} Continue analysis of Ful- 
erum system as described 
by reports, drawings, 
breadbourds, ete. fur 
nished as GFE ineloding 
appropriate experimenta~ 
tion. 

Ik conjunction with CLA 
technical personnel teon- 
sultants) and associate 
contractors, itr 
* gew building blocks where 
useful. 
Layout facility anid 
program plan for produc- 
tion program by May 
1965. 
Continue buildup of 
manpower a9 indicated 
during 22 March meeting 
at Perkin-Elmer. 


The above statement 
later revised. as follows:}4 


of Work was 


Following is revision to TWX. 
2450 referencing statement of 
letter contract based on TWX | 
and 7383. 


{a} Commencing 1 March 1965 con- 


tasks under 
in {contract} 


tinue pértinent 
work statement 
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review fo continue through 22 

March 1965. 

Commencing 22 March 1965 

aml continuing thru 20 May 

1965 complete the following 

tasks 44 indicated. 

(lL) Centimue analysis of 
Fulerum system as de- 
scribed by reports, draw= 
ings, breadboards, etc., 
furnished as GFE in- 
cluding appropriate ex- 
perimentation. 

In conjunction with your 
technical personnel and 
associate contractors, in< 
troduce new building 
blocks where useful. 

In addition to above 
furnish preliminary design 
Layrenart for second 
configuration. 

Furnish a program plan by 
20 May 1965 covering the 
following: fa) = the 
technical content and 
justification for the 
system approach, {b) the 
achedule and ROM costs 
for the syatem proposed 
along with carefully 
stated assumptions, ard 
(c) a complete presenta- 
tion of resources appli- 
cable, Le. facilities and 
manpower, both corporate 
and subcontract and the 
proposed management ar 
rangement internal ta 
your company. 
Commencing 21 May 1965 
the contractor shail con- 
tinue design effort and 
brassboarding and coordi- 
nation with associate con- 
tractors leading to inter~ 
face definition to the 
extent possible by 1 June 
1965. 


One of the important additions in the 
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revised statement of work was the inclu- 
sion of a second configuration ("M" 
system), This system was proposed by Dr. 
Kenneth Macleish (Vice President, Engi- 
necting, Optical Group) who was concerned 
about the complexity and cost of the 
Pulerum design. He felt that it was 
important te show the CIA that there was 
an alternate sobition. The "F" design was 
predicated on being able to see 120° in cne 
sweep and as a result it was poorly adapted 
to seeing amall angular aectors. He was 
proved correct in later years since it was 
troublesome to program in small “looks" 
efficiently.** 

During the Phase I effort, Perkin- 
Elmer also negotiated a contract with the 
CIA to perform the following tazks 
between 15 Janyary 1965 and 30 November 
1966.15 
Task [~ Continuous Polishing 
(1) Continued experimentation of 

polishing process with bread« 

board and leased machines. 

Continued development of lap 

interferometer. 

Completion of environmentally 

controlled polishing room. 

(4) Evaluation of the process, due 

15 May 1966. 

(5) Final written report (48" 

lapmaster) due 15 May 1964. 


Taak 0 = Selective Coating 


{1} Continued development of the 
cOating techniques with an 
objective of successfully cor- 
recting moderate size mirrors 

; during this phase. 

(2) Combined development of suit- 
able coating materials and 
epating parameters. 

(3) Evaluation and written report 
due on 15 May 1966. 


Task I= Optical Test Techniques 


in Develop Hologram interferom- 
eter and prove technique which 
will show deviation of test 
piece from master. Application 
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to selective coating deposition; 
aspheric manufacturing and 
eontinuous polishing action will 
be determined. 

(2) Report due on 15 May 1966. 


Task IV < image Quality 


OQ) Gonduct studies and tests in the 
continuation of the search for a 
summary measure of image 
quality in accordance with con- 
tractor's proposal dated 2 
August 1965. Said proposal 
being incorporated herein by 
reference. Reports shall be 
submitted on a monthly basis 
and final reports submitted on. 
the completion of each task. 
All work shall be completed 30 
November 1944. 


Task V- Herriatt Interferometer 


(Amendment 1 - started 1 April 
1966.) 
Task VI- Fiseau Interferometer Including 
Skip interferometer - 


{Amendment 2 - started 15 January 
1964.) 


By the beginning of June 1965, 


Perkin-Elmer was preparing for a 
presentation which was to be given to the 
Land Panel, a subcommittee of the NRO 
formed to study various proposed systems 
for the fourth generation reconnaissance 
aystem, to decide the direction of the 
program. A atatement of work which 
cowered the activities for the month of 
June 1965 contained the following tasks.16 

‘Task 1 Gonduct the maximum 
amount of interfacing 
with the associated con- 
tractera such ag to have 
the best possible inte- 
grated F-prime system by 
30 ume. ([Feprime was 
the Perkin~Elmer redesign 
of Itek's “optical bar" 
Fulcrum system), Rede- 


sign the current F-Prime 
configuration only to the 
extent that these inter- 
faces dictate. 


Conduct sufficient inter- 
facing with the associate 
contractors such ag ta 
have a valid integrated 
Matchbox system by 30 
June. (The "MM" aysten 
was the configdration 
recommended by Dr. 
Macieish|. Redesign the 
eurrent matchbox con- 
figuration only to the 
extent that these inter- 
faces dictate. 


Perform sufficient analy« 
dis to gupport the Match- 
box performance predic 
tions so that a meaningful 
comparison can be made 
with the F-Prime perfor~ 
mance predictions. 


Design and construct a 
breadboard of a ~ 
degree twister 

cussed with 7 a Pe 4 
tune. Subject breadboard 
will be completed and 
Fesults deliverable ta the 
panel by 30 June. (The 
Land Panel meeting wae 
eventually held on 21 July 
1965). 


Pulerum program activities at 
Perkin-Elmer for the month of July L965 
were covered by a work statement which 
included the following tasks. 17 

Task 1 Complete construction 
anil debug of breadboard 
of 180° twister by 7 July- 
Submit test plan to Head~ 
quarters by 7 July. Com~ 
plete tests by 16 July. 
Submit report on test 
results by 20 July. 


Design the Matchbox 
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Task 6 Provide to the reentry 


Camera System such as to 
imclade thoge electronic 
features best suited for 
total system performance 
(Le. servomechanioms for 
driving the oscillating 
mirror andfor IMC mo- 
tions including earth rota~ 
tion), <A dual approach 
(mechanical and elec- 
tronic) will be maintained 
watil such a time as the 
Project Office and 
Perkin-Elmer can make a 
clear choice. 


Conduct a complete ther- 
mal analysis of the 
Matchbox Camera System 
for worat case conditions 
during maximum photo 
graphic sequencing and 
during “stored” period. 
Report of results is due 
20 July. 


Formulate dynamic mod- 
els for the F-Prime and 
Matchboz Camera Sya- 
tems. Identify the dis- 
turbance pulse shapes and 
perform a dynamic re< 
sponse analysis. Generate 
optical bar tolerance cri~ 
teria im the case of 
F-Prime showing allow< 
able slopes and deflec- 
tions at critical locations: 
A preliminary version of 
each model is due by 9 
Jialys 


Prepare a three-sigina 
systematic and random 
image blur summary in 
beth the scan and forward 
directions with the 
equivalent error budget. 
Prepare a three-sigma 
focus error budget sum~ 
tary. These sutomaries 
are required for both 
camera systems by 20 
duly. 


vehicle contractor revised 
weight estimates of pay~ 
lead equipment te be 
howsed within the reentry 
vehicle. Conduct saffi- 
cient experiments to 
ascertain for the reentry 
vehicle contractor the 
amount of ag. offset 
from the spool axia due to 
operational film takeup 
conditions. 


Institute an  omegoing 
weight, balance, and 
power distribution report- 
ing system to provide 
auch information to the 
SEAG coutractor. 


Perform a revised reli« 
ability study based on the 
reliability bogey provided 
by the SEAC contractor. 


Size, in detail, the struc- 
tural system for both the 
F-Prime aad the Mateh- 
box Camera Systema: 


Begin System Specifica- 
tions Books for both the 
F-Prime and the Match- 
bom Camera Systema. 


Investigate in detail the 
synchronization of the op~ 
tical bar of the F-Prime 
System to the oscillating 
platen and prepare 4 
report on the technique 
selected with assigned 
tolerances by 164 July. 


Determine the central 
aperture ohecuration for 
the F-Pyime optical aye 
tem. Describe in detail 
why the 13% figure deter- 
mined by Itek cannot be 
met, if this ia true. 


On 31 fuly 1965, the CIA sent a 
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message to Perkin-Elmer confirming tele- 
come to the effect that the Fulcrum 
Program would embark on a Program 
Definition and Final Configuration Study 
Phase.18 The following work statement 
defines the tasks to be accomplished in a 
three-month period. 

This statement of work defines the 
work to be accomplished by the Perkin- 
Elmer Corporation during August, Septem- 
ber and October. The contractor shall 
provide all necessary manpower and 
material to support the tasks defined 
herein in accordance with the attached 
wthedule. During this period, the primary 
aim of all tasks shall be the presentation of 
a complete accurate design repert on or 
about 22 Nowember. The following con- 
figurations are defined for this period. 


Configuration A - Titan I, 60° F.L. 
camera, 15 day mission, 820 pounds 
of files, one BV. 


Genfiguration B ~ Titan SA/SRM, 
approximate 60" Ful. camera, 30-day 
mmission, 3100 pounds of film, two or 
more R/V's. 


Configuration C - Titan §X/SRM, 60" 
F.L. camera, 45-day mission, 2500 
pounds of film, two or more R/V's. 


Task 1 Prepare a briefing to be 
given 14 September 1965 
for Headquarters com= 
Paring the F’ and M" sys- 
tems with recommenda- 
tion of system for further 
study as configuration 
*A“. A summary report 
documenting this briefing 
shall be submitted by 1 
October. 


Define the selected "A* 
configuration payload de- 
fign and present a design 
review for customer 
approval on 15 October. 
A design review package 
shall be prepared and 
submitted to the cus 
tomer by 1] October. 
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This design review pack<- 
age shall contain but not 
be Limited to system 
description, layout draw- 
ings, system block dia- 
gram, parts caudt and 
system reliability esti- 
tate, performance caleu- 
lations, and mass proper~ 
ties and power estimates. 


Prepare a program plan. 
for the acquisition and 
eperational (3 yeara) 
phases of Configuration 
"A* to be submitted on 1 
October. (This means 3 
years supply of fight 
articles, iv. one per 
roonth or 36 units). This 
program plan shall inchiude 
but aot be Lmited te 
detailed schedules, cost, 
development test plan, 
and identification of long~ 
lead items with schedules 
and cost by month for the 
first six months, including 
facilities and hardware. 


Conduct a conceptual 
design and performance 
estimate for an enlarged 
payload (Configuration 
"B") based on the aclected 
60" FL. version. 
Conceptual design to 
emphasize the optical 
system. design and 
evaluation of film 
handling problems. Con- 
duct a briefing on this 


“design on 15 October. 


Decumentation of this 
briefing toe be submitted 
by 29 October. 


Gonduct a design review 
of the selected large 
payload jlextended ser 
vice} configuration "B* or 
“o" for the customer on 
1? November. A design 
review package as de 
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Task 10 


tailed in Task 2 shall be 
submitted by 12 Novem- 
her. 


Prepare a program plan 
for the acquisition and 
operational (3 years) 
phases of the large pay- 
load (aa defined in Task 4) 
to be submitted on 17 
November. 


Participate in a formal 
briefing on or about 22 
November 1965 and other 
briefings as necessary. 


Support SEAC and other 
associate contractors as 
required int fa) Factory 
to ‘launch systems re~« 
quirements analysis for 
Configuration "A" {This 
means the flow from face 
tory to launch); (b) devel~ 
oping overall system pro- 
gram planaj ic) overall 
system planning; {d) reli- 
ability allocation and 
assessment; {e) definition 
af interface require- 
mente; and ({) mainte- 
nance of Haison with 
ether agencies. 


Maintain weight, balance, 
aml power distribution re~ 
porting on all configura- 
tions. 


Cenduct reliability stud- 
ies on all configurations 
based on reliability 
bogeys provided by the 
SEAC contractor. 


Continue twister experi= 
menta to the degree 
necessary to demonstrate 
design feasibility. 


initiate experiments to 


develop selected designs 
in critical areas. 
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Task 12 8 6Study feasibility of use of 
autofocus a5 applicable to 
the selected configura- 
tions. 


Submit informal weekly 
TWX progress reports 
starting 20 August 1965. 


Prepare and submit 4 
final report summarizing 
the work performed under 
the contract. 


Shortly after the 14 September 1965 
briefing, given to the CIA by Perkin-Elmer 
in which Ferkin-Elmer selected the 
F-Prime system, a revised work statement 
was written and included the following 
tasks.°9 Tasks 11 and 1Z were later added 
to the work statement. 


Task 1 Prepare a briefing to be 
given 14 September 1965 
for Headquarters com 
paring the F" and M' sye- 
tems with recommenda- 
tion of system for further 
study as Configuration 
“A* (Titan I + 60-inch 
F.l.» camera - 1§-lay 
mission ~ 880 pounds of 
film =~ ane R/V). A aur 
mary report documenting 
this briefing shall be 
submitted by 1 October 
1965. 


Prepare proposal on ae 
lected configuration and 
present a design review 
for custemer approval on 
i$ October. A design 
package shall be aeub- 
mitted to the customer by 
il October. 


Support customer consul« 
tants and associate con~ 
tractor’s as required to 
develop overall program 
plans and interfaces. 


Genduct reliability stud- 
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ies om all configurations 
based on Current engi- 
neering statug and reli- 
ability allocations. 


Initiate experiments to 
support selected designs 
in critical areas. 


Study feasibility of use of 
autofocus as applicable to 
the selected configura- 
tion. 


Prepare System Specifi- 
cation Book incorporating 
previously uncollated ma- 
terial which will be 
supplemented by  addi~ 
tional specification mate- 
rial as produced. Prelimi- 
nary issue AH65-1165. 
Submitted 1 Nov 1965. 


Additional project office 


Submit informal biweekly 
TWX report. 


Prepare and submit a 
final report summarizing 
work performed under 
this contract. 


3404 


submitted 
933 2 Dec 1965.) 


(report 


Nov 1955.) image quality. 
Gems 


Amendment Ne. 2 on Contract 
FS~2057 covered the period of 
performance from 1 <August to 31 
December 1965 and included experiments 
which were to be contimed and 
initiated.2h22 System experiments in- 
cluded the following: film flatness 
experiments, film transport properties; 
film handling in vacuum, film outgassing, 
and auteloeus experiments. Optical 


experiments included material stability, 
Herriot interferometer development, 
Figzeau glass investigations, and continucus 
polishing, selective coating and optical teat 
techniques. Support activities included 
system test planning, reliability studies, 
and quality control planning. 

Om 13 January 1966, Perkin-Elmer 
submitted a program plan te the CIA which 
incorporated all of the current and planned 
program tasks and activities at Perkia- 
Elmer.¢o This program plan was the basis 
of all the effort at Perkin-Elmer through 
the following months. Effort was 
continued through the proposal preparation 
(which began on 23 May 1966 when Perkin- 
Elmer received the KFP, to the day the 

| was submitted to the government 
on 21 duly 1966) to the award of contract 
on 10 October 1966. 


COVER AND SECURITY 
CONSIDERATIONS 


Perkin-Elmer’s involvement im 
classified programs began even before the 
reorganization of its activities inte 
commercial and government business. 
Prior to divisionalization, in the spring of 
1956, the responsibility for the security 
aspects of classified programs resided 
primarily in project management and 
administration. With the exception of a 
program codenamed Prajectar Project 
loptical instruments for the U-2 aircraft), 
most of the programs at Perkin-Elmer at 
that time were either unclassified or 
classified at lower levels (confidential or 
restricted) and did not require special 
secure facilities. Perkin-Elmer received 
its secret facilities clearance on 13 March 
1956. 

Shortly after Perkin-Elmer received 
its secret facilities clearance, the company 
hired Patrick Murphy to oversee the 
security requirements of all classified 
programs at Perkin-Elmer. After Murphy 
left the company, James McNamara 
assumed this role. After his resignation, 
Herbert Dunning, who was hired in 1965, 
became Chief Security Officer. However, 
it was not until Robert Markin joimed the 
company in June 1966 that a full-time 
gecurity administrator was assigned bo the 
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Hexagon program. Markin was Dunning's 
assistant for three weeks and then became 
the Security Chief of the Hexagon 
program. He had worked at the Central 
Intelligence Agency (CIA) prior to joining 
Perkie~Elmer. After Perkin-Elmer was 
awarded the Hexagon program, Markin 
became the OTD Security Chief. 

At the beginning of the space 
reconnaissance program (Discovery mis- 
sions), there was no formal security control 
system. Although there were security 
personnel at the CIA who managed this 
activity and provided security accommo- 
dationd for "black" Pmaee a formal 
industrial security for national 
policy guidance of epace reconnaissance 
programs did not exist. Classified 
contracts awarded to industry and research 
laboratories contained only general 
instructions and guidelines on managing 
program security. The details for 
providing a secure area and developing 
policies to protect classified program 
information was the responsibility of the 
company awarded the contract. 

The 0.5. Air Force began to develop 
the "“Byeman” Industrial Security Control 
System Manual for overhead space recon- 
naissance programs in the early 1960's. 
CIA established security policy was 
implemented through the Byeman Manual. 
In addition both the CLA and the 0.5. Air 
Force adopted the procedures issued by the 
U-S- Intelligence Board on physical security 
construction criteria. It should be noted 
that quite a few of the instructions during 
the initial stages of the overhead 
reconnaissance programs to the industrial 
contractors were through "word of mouth." 

During the first few years that the 
Byeman manual was being developed, a 
number of government intelligence and 
imiustry security representatives, including 
Markin,; participated in meetings to discuss 
the various aspects of protecting “black* 
programs. Over a dozen meetings were 
held, both on the East Coast and the West 
Goast, to create a practical and 
functioning document. The Byeman 
Manual is now the basic security document 
weed on all programs related to covert 
averhead reconnaissance. 

In 1966, when the Hexagon program 


His? SECRET 


was awarded to Perkin-Elmer, company net 
sales were $88,000,000. The Hexagon 


Program had an imitial contract value of 
— When Perkin-Elmer was 
instructed to “make the money disappear 
and not let anyone outside of the program 
know that a massive contract had been 

faced a 
$88 million 


awarded to Ferkin-Elmer, it 
difficult problem. For a sm 
company to try to hide | 

of activity was a task eq) 

to hide an elephant. in @ closet. And the 
Question became, “How do you hide an 
elephant?" If Perkin-Elmer had been a 
large company doing two to three billion 
dollars worth of business annually, it would 
be a relatively simple task to shield the 
existence of the Hexagon program- 
Perkin-Elmer's solution to the problem of 
hiding a massive covert program was to. 
deny its existence and answering the 
question with another question, "What 
elephant?" 

At the time (Jawuary 1965) that the 
Phase I proposal was being writter by 
Perkin-Elmer, only general security 
instructions were provided by the agency. 
A section of the Perkin-Elmer proposal 
which was submitted to the agency in 
January, 1965, discussed, in general terns, 
how security on the program would be 
handled if the contract was awarded to 
Perkin-Elmer.) The introductory para~ 
graph in the report stated, “Security 
measures to be followed on this program 
will, im general, follow the patterns 
established on previous covert programe. 
The work will be done, for the largest party 
in a separate secure area and every effort 
will be made ta keep unauthorized persens 
from learning what is being done, what it is 
to be used for, its capabilities, the identity 
of the customer or associated contractors, 
or the final schedule of operations." It 
more or less expressed the security policies 
followed on the Fulcrum program from 
dune 1964 to the award of the Hexagon 
contract in October 1966. 

The security writeup in the Phase I 

proposal also addressed the problem of 
concealing the program from the public 
and uncleared Perkin-Elmer employees: 
"The size of the program will make it 
impossible to hide the existence of the 


to trying 
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program within the company. Thus, a 
cover story must be derived. Any cover 
atery comprehensive enough to explain all 
the itema requiring explanation fumber 
and type of personnel, nature of materials 
ordered, etc.) must describe specific 
hardware to be convincing. Yet; any 
apecific cover story is subject to easy 
refutation since all firms already working 
on similar sytems would be aware that the 
atory is false, and all the military sharing a 
legitimate interest in whatever type of 
specific hardware is described would claim 
a legitimate mneed-to-know about the 
program. The proposed basic story theme, 
therefore, is that a number of projects are 
belong worked on, some to be classified, 
some Company Private, and some open. 
Instead of one massive program, there 
would be a number of smaller ones, 
requiring less explanation. They would be 
grouped; more or leas, together with an 
explanation that there is an overlapping of 
personnel on the various projects. 
Separate internal work orders would be 
written to cover the various programs. 
This procedure is similar to that used on 
other covert programs and fits well with 
the pattern of work, accounting, and 
control within the company." This section 
of the report also discussed the method of 
handling communications, guard personnel, 
alarm systems, and document and visitor 
control systeiwis. it was a carefully 
considered security plan. 
The CIA's Bequest For Proposal 
for the Hexagon Program sent to 


(RFP) f 
Perkin-Elmer on 23 May 1966 contained 
only general instructions on handling a 


classified program. One of the require- 
ments of the RFP was a company plan for 
a security program. The plan submitted by 
Perkin-Elmer was alwiost a verbatim copy 
of the security approach contained in the 
Fulcrum (January 1965) proposal, with a 
few modifications. 

After the Hexagon program was 
awarded to Perkin-Elmer in October 1966, 
the CLA requested the OTD Security Office 
toe design a detailed security plan for the 
program. Markin respomied by writing a 
General Security Bill, Guard Orders, 
Classification of Project documents, and a 
Security Classification Guide and a Courier 


Proposal.7:4:5:5s7 uring discussions with 
Agency representatives responsible for 
overall program security, several basic 
guidelines were established. Perkin-Elmer 
could not reveal that it had any association 
with satellite surveillance or that a camera 
was being designed for the CIA. It was 
realized by all involved that the technical 
problems of designing one of the most 
sophisticated and complicated cameras 
éver. envisioned would be extremely 
difficult. However, solving these technical 
problems, and at the same time meeting a 
tight schedule and maintaining complete 
secrecy magnified the difficulties 
tremendously. 

Perkin-Elmer used an in-house 
contract numbering system called the Sales 
Purchase Order (SPO) system. The 
Electro-Optical Division listing at that 
time contained over 50 SPO's and about 20 
internal Work Orders (WO's), It was 
Perkin-Elmer'’s plan to establish a separate 
division for the Hexagon program using a 
similar SPO and WO listing. After O'TD's 
creation in October 1966, the OTD 
Contracting Office reviewed the entire 
Hexagon program and established almost 
20 separate tasks which were required ta 
design, develop and fabricate the six sensor 
subsystems that Perkin-Elmer was initially 
contracted to deliver to the CIA. 

This system encompassed a large 
variety of tasks such as the construction of 
the Danbury facility, thermal design, 
interface activity with associate con- 
tractors, and the design and fabrication of 
the major camera components and assem- 
blies. Perkin-Elmer created a separate 
contract order for each of these tasks, and 
then using the theory of "plausible denial* 
created a cover story and made the new 
Optical Techuslogy Division appear similar 
to the other Perkin-Elmer divisions. By 
"plausibly denying” the true nature of the 
camera components and assemblies that 
were being built or purchased, in total or in 
part — simply by calling them something 
shee — normal “white” procurement 

cedures could be used: This theery was 
used throughout the program activities to 
winimite the need for time-consuming and 
expensive covert procedures. While it was 
important. to keep inviclate the security of 
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the prograii, the main objective was to 
bolld and fly workable hardware, within 
echedule; and at a minimum cost- 

At the time the Hexagon program 
was awarded to Perkin-Elmer, the newly 
established Optical Technology Division 
was understaffed and did mot have an 
adequate number of people with the 
appropriate disciplines to assign to the 
program. Staffing a growing division is a 
difficult task under normal conditions; 
especially in a strong economic climate. 
Providing a work force for a very secretive 
technical program created major probleme. 
One fact made known to people briefed by 
the OTD Security Officer was that Agency 
approval for their “access” to the program 
waa not a “clearance.* 

Not only did the recruitment program 
dilute the efforts of accessed 
administrative and technical people 
already assigned to the program, but the 
People involved in recruiting new 


employees for the program were doing the 
job with “one hand tied behind their backs.” 
‘The major question wasy "What do we tell 


these guys about their assignments if we 
can't divulge the nature of the program ?* 

The recruitment advertisements in 
newspapers and trade magazines had to be 
sufficiently accurate to attract the 
required disciplines, and at the same time 
conceal the true purpose of the program. 
The first step in the cover story was that 
the new division was recruiting people not 
for a single major program, but for a 
tmultiplicity of contracts. The potential 
employees were told that they would be 
assigned to a number of programs, some of 
which were classified and some 
iii lasaified. 

The mew hires were asked to fill out 
various employee questionnaires, including 
@ security clearance form. However, they 
eould not be told that their employment 
was based on the successful completion of 
a background security check or that they 
would be placed in a “holding area* until an 
acceus was granted by the agency: These 
requirements created many problems. The 
mere fact thal all hires would be isolated 
in one area for periods up to two to three 
months, and in some instances as much as 
ten months, and that as time passed by 


He-TOP SECRET 


they would see their co-workers leave the 
helding area one by one, produced a 
compromising situations The remaining 
simaccessed employees would soon realige 
that they needled an access before they 
transferred to a permanent aseigument. 

Perkin-Elmer was placed in a 
dilemma. The CIA's reply to this problem 
was, "They may speculate about their 
situation, but they cannot be told that 
approval ig required for their transfer out 
of the holding area." Perkin-Elmer could 
not tell the new hires that their 
employment was contingent upon an access 
approval and that if it was not granted, 
they would either be transferred out of 
OTD or terminated. Apparently, the CLA 
did not want a rejected employee to appeal 
the decision and place the Agency in a 
difficult position. 

One additional problem that Perkin- 
Elmer faced if a new employee hired for 
the program was not granted access to the 
Hexagon program was that the CLA did not 
inform the company why the person was 
rejected. It was clearly nome of Perkin~ 
Elmer's business. The fact that certain 
people were not suitable for a special 
program access did not necessarily indicate 
that they were unsuitable for (secret or 
tep secret) Department of Tefense 
contracts. 

The new hire holding area was 
lacated at 50 Danbury Road, Wilton, CT in 
a high bay area and became known as the 
"tank." An accessed enginesring supervisar 
was assigned to oversee the work in this 
area. Work directed to this area consisted 
of program tasks that could be “sanitized.” 
Using “plausible denial,” various engi 
neering and administrative assignments 
were given to people waiting for program 
access. Thereby some productive work 
could be accomplished. However, because 
of security constraints and because ac 
many aspects of the program could not be 
"sterilized," the efficiency of this work 
group was never more than 50 to 60 
percent. 

Enormous preaesures began to build oa 
the program for additional accessed 
people. Under normal conditions, a secu« 
rity check required two to three months. 
However, because of the large number of 
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High Bay Area at 50 Danbury Road, Wilton, CT in 1965-66 
security checks that were being processed 


by the CLA, and because the 1960's saw the 
passage of much social legislation which 
restricted the CIA. from using commercial 
eredit bureaus and other government 
agencies to collect personnel data, the 
process was slowed down considerably. 
The original staff of 12 people of Phase O 
of the Fulcrum project increased to a 
group of 50 people at the end of Phase I 
(January 1965). In the early part of the 
Program (February 1965), it required 2.6 
months to acquire security access for a 
new hire. Ey October 1965, the waiting 
period increased to 4.5 months.? 

While everyone on the program 
required access approval and was subjected 
to the same intensive investigation, certain 
facte were withheld even among the 
accessed personnel. After receiving pro- 
gram access from the CIA, the empoyees 
were briefed individually by OTD security 
officers. 

There were three levels of briefing. 
Phase 1, the lowest level, was given fo 
people involved in the aupport functions of 
the program, such as the maintenance 


personnel and custodians. They were told 
that everything they heard or saw in the 
gaciire areas was considered classified and 
not to disclose what they learned to 
anyone — essentially, they were teld 
nothing. A Phase I briefing was given to 
95% of the remaining personnel. They, of 
course, needed to know the performance 
specifications, the purpose of the equip- 
ment, and the identity of the associated 
contractors. But Phase I personnel were 
told that the customer was the USAF. This 
was at the CIA's direction. A Phase 1 
briefing was given mostly to program 
management and these with & need-t6- 
know. They were told everything, 
including the true identity of the customer, 
the CIA. In addition, they were made 
aware of the different levels of briefing 
and were cautioned mot to divulge this 
information ta anyone, Including Fhase T 
and Phase I personel. However, even 
Phase Il program personnel were not given 
information indiscriminately unless they 
had a need-to-know (e.g. mission plane for 
each launch, areas photographed, ete.) and 
only people in a Perkin-Elmer group called 
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the Post Flight Area (PFA) saw the actual 
photographs taken during each mission. 
The security badges of Phase IT 


personnel were coded to enable Phase IT .. 


people to identify each other. Their badge 
numbers contained the digit "0". This 


badge coding technique could also be used 
to Wlentify program personnel with other 
special need-to-know requirements {i-e., 
security officers, PFA personnel). 


BUILDING PROGRAM 


The Perkin-Elmer Hexagon proposal 
included a plan for providing engineering 
and administrative offices, manufacturing 
and test facilities, and assembly areas for 
the Hexagon program. How these building 
plane ewolved is based in part on 
circumstances surrounding the beginning of 
the program in June 1964. 

When Perkin-Elmer first became 
invelved in the Ad Hoc program, personnel 
assigned ta it were either located at the 
Connecticut Avenue facility in Norwalk, or 
the building at 50 Danbury Road, Wilton, 
Connecticut» By July 1964, everyone on 
the program waa moved inte a secure group 
of offices on the second floor of the Wilton 
building» As the group expanded, 
laboratory and storage space was made 
available in adjacent offices on the second 
floor. 

The Phase I Ad Hoc Study Report, 
submitted to the CIA at the end of January 
1965, indicated that the Perkin-Elmer 
facilities wert adequate to initiate the 
program and coukl be expanded on 
available property in time to accommodate 
the total program.* The report stated that 
of the total project requirements of 96,000 
square feet, approximately 50° percent 
would be wied for subassembly, final 
assembly, aml testing of the deliverable 
item. Of the 46,000 square feet, 24,500 
aqguare feet was standard instrument 
aspembly space and could be provided by 
Perkin-Elmer’s present facilities. The 
remaining 23,500 aquare feet would include 
9,500 square feet of clean, high ceiling 
area with traveling crane equipment, and 
14,000 square feet for environmental test 
equipment. 

Soon after the study report was 


Hse TOR $ SecR GREF 


wubmitted, Pete Clouen, Directer of 
Corporate Facilities, aupported by Ad Hoc 
administrative personnel, started locking 
for, additional facilities in Fairfield 
**county, Connecticut. After studying 
several available properties, it was decided 
that they were unsuitable <ince a 
substantial amount of money would be 
required to convert them for Ad Hoc 
program use? 

In the summer of 1945, property 
diagonally opposite the Wilton building 
became available. The building was 
originally constructed by the Hallicrafter 
Company and later taken over by the 
Manson Company. In September 1965, 
Perkin-Elmer purchased the 983,000 equare 
foot plant on 22 acres at 77 Danbury Road, 
Wilton, specifically for the Ad Hee 
program. The "Manson" building, as it was 
referred to at that time, was partially 
occupied by Ad Hoc personnel on 
November 1965, and by the final clesing in 
1 April 1966, most of the project personnel 
were moved to the new facility.” 

The Perkin-Elmer Hexagon proposal 
submitted to the government on 21 July 
1966 contained detailed facility plans for 
the program: “Manson” property 
elfered convenient proximity to the work 
force residence, close relationship te 
Corporate and other supporting functions, 
and a suitable layout for initiating program 
tasks with only minor arrangements. 

A two-phase plan would involve 
rearranging approximately half of this 
plant during the first six months of the 
program for optical fabrication and 
manufacturing fabrication and assembly: 
During rearrangements, these two 
functions would be carried out in other 
corporate facilities. Simultaneously; 
construction would start on a 110,000 
square foot addition to the plant at 77 
Danbury Road to accommodate all design, 
engineer! fabrication, assembly, and 
additional facilities for test activities. 
The secomd phase of the plan involved 
occupying these new facilities, starting at 
the end of the 12th month after award of 
contract. 

Of importance to the program during 
the first phase was the availability of 
approximately 10,000 square feet of Class 
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"Manson" Building, 77 Danbury Road, Wilton, CT as it looks today 


100,000 clean area in a new north wing of 
the Wilton facility beginning with program 
startup. This clean area was to be 
available until completion of the 110,000 
square foot addition at the "Manson" site. 
At the completion of the two-phase plan, 
the entire program was to be howsed in the 
expanded single plant at 77 Danbury Road, 
Wilton. 

An architectural and engineering 
study of the Environmental Test Facility 
was completed by Jackson and Moreland, a 
Boston company that also worked om Itek 
facility plans just prior to the CIA 
termination of the Itek Contract in the 
beginning of 1965. 

Seon after Perkin-Elmer submitted 
the Hexagon proposal, it became apparent 
that due to the Town of Wilton zoning 
reatrictlons and the high cost ($1,000,000) 
of removing a small rock *mountain" on the 
Manson site, it would be less expensive to 
build a completely new facility at another 
sites Fortunately, the company had 
purchased some land (55 acres! at Wooster 
Heights in Dankury, Connecticut in the 
1960's. It was decided to use thie property 
for a faedlity designed specifically for the 
Hexagon program. 

Studies to use this*land for corporate 
expansion were in progress even before the 
Perkin-Elmer Hexagon proposal Was 
submitted to the government in July 1946. 
The company had invested some risk funds 
to study the Wooster Heights site.’ 
Architect and engineer consultants were 


preparing facility layouts for steel and 
foundation designs and by 11 August, test 
soil borings were in progress.8 By the end 
of September, 1966, the architect and 
enginecr consultants submitted aeteel 
drawings and a facility construction and 
actuation schedule to Perkin-Elmer.? 

With the announcement om 10 
October 1966 that Perkin-Elmer had won 
the competition, plans for the new Danbury 
facility moved ahead at a faster pace. Site 
preparation was started on 18 October. 
Construction of the new building moved 
along smoothly until 15 May L9G7 when a 
Teamster Trade Union strike halted 
work.!9 The strike lasted until 28 June 
1967 resulting in a 7h week schedule 
slippage. Construction again moved ahead, 
and by 9 February 1968, the second floor of 
Building 1 ithe facility consisted of five 


The Manson Bullging " Mountain” 
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connecting wings) was partially occupied 
by Perkin-Elmer personnel.* +s 

A majer move from 77 Danbury 
Road, Wilton occurred on 29 March 1968 
when several Optical Technology Division 
departments were assigned to the Danbury 
facility. A brochure, distributed to project 
personnel, explained the arrangement of 
the new facility, planned working hours, 
etc.13 4 memo from Ken Patrick, General 
Manager of the Optical Technology 
Division, described a company procedure 
that would reimburse personnel for any 
additional teavel [for a period of six 
months) incurred because of the move to 
the new facility.!4 





Wooster Heights Facility Construction 


Work continued on the unfinished 
wings of the facility and by the beginning 
of 1969, construction was completed. By 
that time, most of the program personnel 
were in the new location or in one of 
aeweral buildings nearby the Danbury 
facility. The new Danbury facility 
contained over 270,000 square feet, with 
additional storage provided by two Butler 
buildings on the site. This was almost 
three times more space than estimated in 
the January 1965 Ad Hoc proposal. 








A HISTORY OF 











Large Chambers Under Construction 





Chamber A Final Assembly 


During one of the facility meetings, 
there was some disagreement on the 
manner in which the exterior of the 
Danbury building was to be finished. The 

ing continued until Chester W. 
Nimitz, Jr. the President of Perkin-Elmer, 
joined the meeting. The debate continued 
about the enormous costs that were being 
stacked up for the building. Nimits, with 
feet resting on the table said, “Tell me how 
much it's costing te put the brick veneer an 
the building te make Ht look like the 
Corporate building in Norwalk.” Someone 
replied, "$250,000." Nimitz shot back, 


“Leave the damn bricks off."15 Five 
words, cach worth $50,000. 
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Overall Schematic of Danbury Facility 
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SENSOR SUBSYSTEM DESCRIPTION 


This history covers Hexagon program 


activities at Perkin-Elmer to the end,of ., 


1983 and includes the launch of satellite 
wehicle No. 18 (SV-18). The following is a 
description of the Sensor Subsystem for 
Hexagon program satellite vehicles SV-17 
through SV-20.! 

The performance requirements of the 
Hexagon program evolved from specifi- 
cations used in initial studies by Perkin- 
Elmer in the spring of 1964. The original 
exhibit described the requirements for a 
space reconnaissance system carrying &80 
pounds of film (EK Type 4404 <- 7-inch 
wide, 68,000 feet) for a 5-10 day mission 
to be recovered in a single recovery 
vehicle.l By the time the first Sensor 
Subsystem was ready for launch in June 
1971, the satellite wehicle design was 
changed to carry four recowery vehicles 
and the film payload was increased to 
1, S76 pownds (ER 1414 UTE, 6.6-inch wide, 
708,000 feet). SV~-1 flew a 31-day mission 
and transported over 175,601 feet of film. 








SV-1%, launched Im May 1982, Hew a 
26l-day mission and transported 303,527 
feet of film (Type $O-315/80-130)*. 

aa, The Hexagon program's satellite 
vehicles are orbital photographic recon~ 
naissance systems with search, surveil- 
lance, and mapping capabilities. Each SV, 
laumched by an aerospace vehicle with its 
Titan DIT 0D Booster, contains within its 
three sections a Sensor Subsystem (55), 
various orbit, tracking, telemetry, and 
other control systems, a Solid State Sensor 
Camera System, and four 55 film payload 
recovery vehicles. 

Launched and injected into earth 
orbit, the satellite vehicle is cotumanded 
to operate and control the Sensor Subsyteim 
throughout the photographic mission. 
After each recovery vehicle accumulates 
exposed photographic film from the Sensor 
Subsystem {a stereo camera assembly), it is 
separated from the satellite vehicle and is 
air-recovered. After recovery, each film 
load is shipped to the film processing 
facility for processing and duplication, and, 
then to various users for evaluation. 





Hexagon Payload Operations (Typical of SV-5 through SV-16 Configuration) 
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Booster and Shroud Separation RV Atmospheric Re-Entry 












Mid-Air Capture of RV 
Reeavery Vehicle RV Separation Forward Section 








55 Recovery Vehicles (RV-1 through RV=4) 





Mid Section 


Two-Camera Assembly 
Film Supply 





electrical power 









or ($9) Camera System 





Aft Section 


as a tesa 
Reeovery Vehicle Spin-Up i just System 


Reaction Control System 
Attitude Control System 
The three sections of the satellite Back-up Attitude Control 


vehicle (forward, mid, and aft) contain the Electrical Distribution and Power 
following equipment, modules, and Telemetry, Tracking and Command 
subsystems. Supplementary Pacumatics Supply Module 
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Hexagon Camera Systern 


TWO CAMERA : 
ASSEMBLY FHAMEE : as 

' CROSSOVER 
ASSEMBLY 





Two-Camera Assembly in Assembly Fixture ($V-17 through SV-20 Configuration) 
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The Sensor Subsystem Two-Camera 
Assembly, located in the satellite vehicle 
midsection, Contains a pair of panoramic 
cameras mounted in a frame. One camera 
looks forward of the satellite vehicle 
(Camera A, port side) and the other looks 
aft (Camera B, starboard side). Each 
camera has a 60-inch focal length, £/3 
folded Wright optical system. The optical 
system, which contains both reflecting and 
refracting optical elements, is mounted in 
the optical bar. The system's 20-inch 
aperture is formed by an aspheric 
corector plate that correcta for spherical 
aberration inherent in Wright systems. 

Light entering the aperture is folded 
90° by the folding flat and reflected onte 
the 24-inch diameter primary mirror. The 
pritsary mirror (20-inch clear aperture) 
focuses Hight back through the field group 
mounted in the folding flat’s center hole. 
The field growp, with four retracting 
elements and a filter, corrects for field 
curvature and residual chromatic aberra- 
tion. ‘The system's focal plane is just 
beyond the last Meld group element. 

Either stereo or monoscopic coverage 
ean he aelected. The senaar provides 
complete stereo ground cawerage at a 
nominal convergence angle of 20°. 
Scanning js accomplished by continuous 
eptical bar rotation, and scan rate is 
maintained at 20 * Vafh for continuous 
ground coverage and a three percent 
frame-to-frame overlap at nadir. Scan 
length is controlled by camera shutters; 
exposure is accomplished by 32 discrete 
camera slit widths between 0.080 and 0.910 
inch. 

The cameras can be operated in any 
of sixteen sean modes (30° to 120° with 
center angles 0° to +45°) as selected by 
the "Tunity" eoftware, with frame format 
length determined by the scan mode in use. 
Sean modes are sclected as an in-flight 
eplios of & peroperation basia. The 
selected mode remains constant throughout 
an «gperation. giving Mission Control a 
Maximum target coverage capability with 
minimum film wastage: 

During photography, the optical bars 
rotate continucusly through 340° to 
provide crosé-track scanning, bul photog- 
raphy occurs only during a maximum of 


Mid-Section of the 
Hexagon Camera System 


Optical Arrangement of the Hexagon 
Camera (Folding Wright Optical System) 


120° of scan. In each optical bar, a plates 
(directing the film across the focal planel 
is electronically locked ta the optical bar 
through 130° of scan (120° scan plus 10° 
for settling time, corresponding to the 
Maximum ecrose-track coverage for the 
available écan modes) and then recycled to 
the start of scan position. Flaten rotation 
rate during photography corresponds to 
eptical bar sean rate- and is modified for 
image motion compensation (IMC). <A 
twister assembly guides the lm into and 
wut of the, platen assembly and 
accommodates the twisting motion of the 
film as the platen oscillates back and 
forth. 

Although the in-track and cross-track 
equations of motion are interdependent, 
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the IMC is independently mechanized im 
both directions via the platen and metering 
capstan. The in-track and cross-track IMC 
signals are generated by the Modulation 
Computer and are used in the camera's 
platen and fine film transport system. 


Ploten and Film Drive Assemblies 
Mounted on Optical Bar 


In the flight direction (in-track), IMC 
is achiewed by the cosinusoidal modulation 
of the platen with reference to the 
rotating optical bar during each scan. The 
maululation is mechanized to compensate 
for variations of in-track image velocity as 
a function of Vuj/h,y instantaneous scan 
angle (9), the fixed camera pitch angle (9), 
and fixed esrth curvature. This is referred 
to as akew angle (¥) modulation and has a 
maximum. value at nadir of 0.884°. 

In the scam direction (cross-track), 
IMC ie achieved by modulating the 
predominant film velocity due to scan [f@). 
The modulation velocity is a function of 
Vayh, Vyfh, fixed camera pitch angle (8), 
and instantaneous scan angle {@). This 
modulation is introduced to the metering 
capstan principally as the integral of 
velocity, since the servo is positioned- 
locked to the optical bar during 
photography. 

The following six data records are 
placed photographically on the film during 
am operation; latent image start-of- 
operation marks, latent image start-of- 
frame marks, acan angle marks, timing 
marks, satellite vehicle time marks; and 


A HISTORY OF 


forward camera (A) identification marks. 
The data marks are imaged on the film by 
flasher write-heads, whose operation are 


.g Synchronized with appropriate Sengor Sub 
aystem events. 


‘Film Strip Showing 
Positioning af Edge Data 


Operational control of the Sensor 
Subsystem is provided by servo subsystens 
controlling the following functions? optical 
bar rotation, platen drive (phot mode and, 
recycle), slit width variation, coarse film 
transport (supply and take-up), fine file 
transport (drive and metering capstan), 
stecrer operation, and platen matiea far 
focus. 

Most Sensor Subsystem operational 
ground commands are processed by a 
System Command and Control unit that 
programs the operation of the various 
gervos as required for Sensor Subsystem 
operation. The Sensor Subsystem is pro 
tected from 4a tweecamera catastrophic 
failure by an independent emergency 
Shutdown design, Critical Sensor Sub 
system performance parameters are moni~ 
tored, and the film transport systems are 
brought to rest as quickly as possible if the 
menitored parameters exceed apecified 
limits. 

The Sensor Subsystem is organised 
into subsystems so that most interactions 
occur within the subsystem; individual 
subsystems interact as Httle as possible 
with one another. The Sensor Subsystem 
electronic and electromechanical modules 
are either installed in the electronics 
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compartment, mounted on the two-camera 
frame, or integrated with subassemblies. 


The film path components operating 


at a nominal constant speed during 
photography and recycle constitute the 
coarse film transport system. The forward 
camera components are arranged dif- 
ferently than the aft camera components 
hecause the two optical bar assemblies 
have a different orientation within the 
frame assembly. Funetionally, however, 
film mowes from supply to take-up in each 
camera in the same order. Several 
references in the discussion of the coarse 
film teansport system are included for a 
complete understanding because of fune~ 
tional overlap between coarse and fine 
operation and control of film as it travels 
from supply to takeup. 

The distance the film travels from 
the supply assembly in the aft section, to 
the first recovery vehicle in the forward 
section, is approximately 140 feet in both 
cameras. Throughaut its travel over 124 
rollers in the "A" carmera and 131 rollers in 
the "BY camera and 6 airbars in each 
camera, the film must remain centered 
within specified tolerances. 


Hx FOP-GRGDEE 


To correct for displacements of 
supporting film path elements {i.e., rollers 
and air bars) <caused by étructural 
deformations due to launch and thermal 
variations, each camera contains active 
and passive articulaters steering the film 
at critical points in the film. path. 

Active articulators steer the film 
acrass the Sensor Subsystem primary 
bulkheads {l.e., between the supply and the 
midsection; and between the midsection 
and the forward section} to prevent the 
film from telescoping on the supply and 
takeup cores. Passive articulators main~ 
tain film path alignment between the 
recovery vehicles and across the twa- 
camera assembly frame in each film path. 

The supply aszembly maintains Film 
stack integrity in all conditions of powered 
flight and orbital operations. It supplies 
film to the two-camera assersbly at 
controlled constant velocities up ta 70 
inches per second under specified tension 
and minimizes the potentially large 
dynamic momentum disturbances inherent 
in the movement of such a concentrated, 
relatively elastic mass. 

Each take-up assembly, one in each 


Film Path Arrangement Showing Movement of the Film from 
the Supply Assembly to the Take-Up Assemblies 
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Internal View of the Supply Assembly 


of the four recovery vehicles, has a film 
capacity of one-fourth the film load of the 
supply assembly. Film is pulled from the 
eamera looper by the take-up's drive motor 
and core. 

The looper assembly in each film 
path serves as the interface between the 
coarse and fine film transport systems. 
‘The looper allows the total length of film 
atored in it to be constant, but the relative 


film lengths in the supply and take-up sides 
of the looper vary a¢ a function of looper 
carriage position. 


View of Looper Assembly 


The One film transport system 
eontrola the intermittent film speeds (up te 
200 inches per second) required at the 
camera's focal plane for photography 
during the warious Sensor Subsystem 


canning modes. 


A HISTORY OF THE HEXAGC 


The system consista of 
the film drive and platen components, 
input and output drive capstan servos, 
modulation computer, and system com- 
mand and control. 

The twister assembly, located in the 
film drive assembly, accommodates the 
angular change between the rollers im the 
film drive assembly (which is fixed to the 
frame) and the rollers in the platen 
assembly (which is locked to the optical 
bar during the photographic cycle). 

The twister assembly consists of a 
twin air-bar assembly and a housing that 
incorporates a manifold through which 
nitrogen gas is supplied to the air bars. 
The film wraps one of the air bars prior to 
wrapping the entrance roller of the platen 
assembly, and wraps the other air bar after 
leaving the exit roller of the platen 
assembly. The twister assembly ia free to 
rotate about its pivot point in response to 
angular changes between the rollers in the 
film drive assembly and those in the platen 
assembly. To accommodate a given 
angular displacement between these twa 
sets of rollers due to platen assembly 
rotation, the air bars twist through an 
angle equal to only one-half of this 
displacement. This follows from the fact 
that a given angular displacement (twist) 
of the alr bara results in a corresponding 
angular displacement of the film path at 
both the entrance to and exit from the air 
bars. Using air bars, rather than rollers, 
the twister permite the film to translate 
along the length of the hars without 
damage as the film path twists. 

Structurally, the platen assembly 
consists of the camera's focal plane 
assembly, slit and shutter assembly, fine 
tension sensors, P-Mode electronics, IMC 
position and velocity transducer, amd the 
metering capstan with its motor, encoder 
and brushless motor electronics. mounted 
on its own bearings, the platen assembly is 
located at the focal plane end of the 
eptical bar in the optical bar's inner 
housing. The platen’s outer end, enclosed 
by the stationary Film drive assembly, 
mechanically interfaces with the Him drive 
assembly through the twister assembly. 

Functionally, the platen assembly 
oscillates on its own bearings indepen- 
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dently of the optical bar's continuous 
rotation, but in synchronism with - the 
optical bar's rotating image of the scanned 
scene at the focal plane. Its position and 
welocity, dependent on the optical bar's 
position and velocity, are controlled by the 
piaten servo external ta the platen 
amembly. As the film, driven by the Alm 
drive assembly, moves across the focal 
plane, the rotating image is exposed on the 
film with ero smear during the 
photographic scans. At the emi of each 
optical bar scan, the platen is returned to 
the start-of-scan position and waite for the 
eptical bar’s next scan. This sequence is 
repeated for cach photographic scan. 

The capping shutter, located im the 
platen assembly, opens the camera's 
aperture at the start of each photographic 
frame and closes it at the end of each 
frame in syochronism with the optical bar 
modes. The shutters opening blade and 
closing blade are actuated throughout an 
operating cycle and repeated for each 
frame of exposure, consisting of an opening 
phase, a closing phase, and a reset phase. 

The fle is completely enclosed in 
light~tight, pressurised assemblies through- 
out ite passage from the supply assembly to 
the take-up assembly. The film loaded in 
the supply assembly prior to launch 
contains approximately 65 pounds of water 
defining an effective relative humidity for 
the film of approximately 40 percent at 
ambient temperature. The enclosed 
pressurized film path prevents rapid 
vaporization of the water from the film 
emulsion during aystem operation. Excess 
vaporization causes two harmful effects: 
(1) Mateess distortion of the film making it 
difficult to track and producing flutter in 
the focal plane, and (2) creates a gas layer 
between film wraps in the TUA causing 
uncontrolled teleseeping as the stack is 
built up. To prevent excessive water vapor 
loss, as well as to protect the film from 
atray light, the film path is enclosed. 

The primary (two spherical tanks) and 
supplementary (one spherical tank) pneu< 
matics systems supply dry nitrogen pas to 
pressuriae the Sensor Subsystem enclosed 
film path The systems store approxi- 
mately 109 pounds of nitrogen under a 
nominal pressure of 3265 psia at TO°F. 


Hx TOP-SEGREE 





Platen Assembly Showing 
Focal Plan Roliers 





Slit ai Sutter Assembly in Test 


On~pad, the sealed film path accom 
modates atmospheric pressure changes 
through relief and Filtered pressurizing 
valves. When the differential pressure 
between the film path and SV interior 
exceeds 0.07 psi in one direction or 0.7 to 
0.8 im the other, the appropriate valve will 
open te reestablish equilibrium below the 
valve crack pressures. The large relief 
valves operate in two modes. Ome uses a 
small pilot diameter orifice to bleed olf 
small pressure differentials over a long 
time constant, auch as on-orbit or on-pad. 
The other uses large diameter orifices to 
effectively “flush” the film path of the 


36 AIF 007-0253-85 
HANDLE VIA BYEMAN 
Hx TOP SECRET. CONTROL SYSTEM ONLY 
































Approved for Release: 2016/12/07 C05096580 









































Approved for Release: 2016/12/07 C05096580 


NRO APPROVED FOR 
RELEASE 17 Sepiember 2071 


excess pressure build-up 

during powered fight. 

diameters and response rates are designed 
to allow no more than the specified 
differential to exist over the relatively 
short. time apan of powered Might. 

During initial on«pad and launch 
venting, the excess gas being dumped is the 
atmospheric composition experienced on 
the ground, which will essentially exhibit a 
relative homidity close to that of the film. 
As wenting continues to flush the initial 
atmosphere, the water vapor will be 
reduced. Moisture from the film will, 
therefore, be given off until the water 
vapor pressure of the enclosed environment 
and the film are equal again. Once the 
correct orbit has been attained, the total 
film moisture loss due to this effect is less 
than 1 pound of the 65 pounds carried in 
the film. In orbit, the allowable leak rate 
over the mission permits the sealed film 
path to inhibit further film moisture ios. 

Ag the telief walees open, both 
primary constituents of the gaseous 
mixture in the film path or supply (Np and 
HzO vapor) are bled off. The water lost in 
this process fo replaced by further film 
outgassing until the water vapor pressure 
equillbriam is restored. The time 
constants and abselute values involved in 
this recurring exchange are small enough 
a mot to contribute to any detrimental 
film handling problems. 

When film is being transported 
through the film path, the lower pressure 
relief walwe setting im the film path 
éompared to that In the supply allows a 
eyatem pressure bleed-off through the 
wents on the Forward steerer enclosure, cut 
a light teap, and hence owerboard. Since 
the supply walve getting is higher, the valve 
will generally never be required to crack 
on orbit. During launch, the gas from the 
supply is dumped te the interior of the 
supply compartment and ultimately vented 
to spaces 

No adverse effects accrue to the 
system during launch/Doost when the 
Supply is venting to its own compartment 
and subsequently to space. The environ= 
ment defined in the compartment sur- 
rounding the film path enclosures reduces 
the possible conduction of heat to the film 


He FOP SEGRET- 


path. If an excess pressure build-up in the 
film path were Vented into the 
compartment, increags] pressure would 


Sinerease the possibility of thermal con= 


ductance between the outer vehicle and 
the film path. Fhe forward section 
enclosure is superinsulated and would be 
equally susceptible to potential thermal 
cominctance if the film path gas mixture 
were vented forward. The Nim path vent 
valves, therefore, dump directly overboard. 

Nitrogen for the file path air bars is 
stored under high pressure and delivered to 
the air bars at a préssure reduced to 
approgimately 3.35 psig at flow rates of 
0.193 to 0.600 sefm @ea level) or 0.194 to 
0-300 at orbital altitude («0.0175 lbmjimia). 
Provision is made within the system for 
monitoring ocut-of-specification pressure 
conditions at select junctures of the flow 
paths. The “cushion” provided by the alr 
bars is, in effect, a gas bearing over which 
film passea. This surface must exhibit 
relatively uniform dimensions at all times 
that film is moving during camera 
aperation. Nitrogen used for the supply 
assembly air bars ia identical ta the film 
path air bar use. Nitragen is alas used for 
the supply assembly alr bars, sea) doors, 
and brakes. 


FIRST FLIGHT OF THE BG BIRD 


Tt was 15 June 1971, preparations had 
been completed at Perkin«Kimer in the 
Danbury facility to monitor the launch and 
the first flight of the Hexagon 
reconhalieance camera (unofficially called 
the "Big Bird") scheduled for launch that 
day. Arrangements had been made to 
receive the real-time countdown im the 
Flight Operationg Room {also called the 
"War Room"). The walle were covered with 
data boards listing the various 
characteristice of the Sensor Subsystem 
(Serial Number 3) on that particular flight. 

Charlie Bryant, Manager of Field 
Operations on the Hexagon program, 
entered the “War Room" at 850 A.M 
EDT.! Countdown at the Vandenberg Air 
Force Base on the West. Coast was already 
in progress, having started at midnight 
(PDT). 
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Titan IND Aerospace Vehicle with Hexagon Payload 


day before, the launch 
certification form had been signed by W.C. 
Cottrell, shoes ce Manage the 
West Coast, and countersigned b 
(NNN customer representative from the 
West Coast Project Office.* 

However, Danbury was not the only 
place where Perkin-Elmer project per- 
sonnel would gather to Listen in on the 
cauntdown. Field Operation supervisers 
and technicians were already stationed at 
the Vandenberg Air Force Base blockhouse 
the Satellite Te: in. Sunnyvale, 
California); and in| the home 
base of the West Coas eid Operation 
group. 

Slowly, the “War Room" began to fill 
with the project daphne One more 


te capacity. The last ten seconds — - and all 
eyes were on the amall speaker box. 
Liftelf! «As the group listened to the 
progress of the launch, it became more 
animated. The "Big Bird" was on ita way — 
launch time, 1141 PDT. : 
When it was apparent that the launch 
Was successful, the room began to enrpty. 


Engineers from the System Engineering 
group remained behind. It would be their 
job to monitor the mission on a day-to-day 
basis and compare the actual sensor 
subsystem flight data with planned data 
sheets displayed on the walls of the "War 
Room.* 

The “War Room", now doubled in 
sige, is no longer filled with the sounds of 
countdown during the launch ef each “Big 
Bird.” However, it still performs the 
functions started on that first flight — 
monitoring the Hight data of the Sendor 
Subsystem. 

While the primary objectives of the 
Hexagon mission was to provide high 
resolution photography over broad areas, . 
the intent of the first flight waa to 
demonstrate functional operation of the 
system. The Sensor system achieved this 
intent. 

The sensor system demonstrated « 
functional orbital lifetime of 31 days. At 
the end of day 31 when recovery vehicle 
four (RV-4) was separated, approximately 
86 percent of the film had been 
transported ami 57 percent of pneumatics 
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nitrogen gas used.4 

Photographic imagery was good with 
the aft-looking camera results being better 
than the forward-looking camera. The 
cameras were not set at the best plane of 
focus at launch. In-flight corrections were 
made to each camera to minimize the 
amomt of defocus. The forward-looking 
camera exhibited residual image smear 
values slightly greater than predicted in 
the crose-track. direction. 

The first attempt to move film was 
made on the fourth orbit of the Hexagon 
satellite. The sensor system worked 
properly, the film was aligned within the 
film path. Steerers, film tensions, take-up 
and supply summed errors were well within 
limits. On revolution 4, the Sensor System 
health check was performed. All Sensor 
System executed commands were func 
tionally verified. 

On revolution 14, fifty frames were 
commanded and executed, and a total of 
458 feet of film was transported. An 
additional 59 frames were commanded and 
executed on revolution 16, a total of 533 


feet of film was transported. The Sensor 

System was now considered operational. 
Two days after launch, 20 June 1971, 

RV-l was ejected from the satellite on 


revolution 82. Heentry was nominal; 
however, main chute cone damage 
prevented aerial recovery. The capsule 
was recovered from the water with no 
damage. Impact location was 8.4 miles 
south and 3.4 miles west of the predicted 
impact point. RV-l returned 40,502 feet 
of film. 

The Hexagon camera bad been tested 
in Chamber A at Danbury and Chamber Ad 
at Lockheed with collimators that 
projected targets on the film. These amall 
images (about the size of a dime) were the 
enly indication that the sensor would 
indeed produce pictures. When the film 
from RV-1l began to roll out of the 
Versimats at Kodak and one could see 
literally miles of imagery, the enormity of 
the achievement began to sink in. One of 
the NPIC representatives remarked, "My 
God, we never dreamed there would be this 
much, this good! We'll have to revamp our 
entire operation to handle the ataff." 


«covery was successful. 


- Fecevery on revolution 402. 


He FOPSECREE 


On revolution 179, RV=2 was ejected 
with a film load of 55,194 feet. Chute 
damage Was noticed on reentry, but aerial 
A major portion 
“ol the RV=2 heat shield was detected 
floating in the water and recovered. 

Normal mission operations continued 
with RV-3 until a camera emergency 
shutdown (ESD) occurred on revolution 3145. 
Diagnostic and engineering tests cleared 
the ESD and mission operations were 
resumed on revolution 326 with the 30 
degree camera sears inhibited. Operations 
continued until revolution 405 when 
reentry of RV-3 oecurred with a film load 
at 92 percent capacity (54,083 feet). 
Reentry was nominal, however, a main 
parachute malfunction occurred amd RV+3 
thineed into the Pacific Ocean d 


occurred during the trim and seal operation 
RV-3. Diagnostic and engineering teats 
were executed and camera operations 
resumed on revolution 422. An ESD 
occurred on revolution 445 again on 
Camera BE. Tests did not clear the ESD and 
monoscopic operations were started on 
revolution 471. A long engmeering test 
cleared Camera EB and stereo operations 
were resumed on revolution 477. 

A command system execution 
anomaly on revolution 492 resulted in a 
ESD which cleared itself. The command 
execution error was determined ta be a 
hardware logic error. Pyro hathery 
degradation was noted on revolution 467 
and resulted in a decision for earlier 
recovery of RV-4 on revolution 502 (Day 
31) rather than on Day 45 ax had been 
planned. Monoscopic operations were 
conducted to balance RY-4 prior ta 
RV=4 was 
loaded to 44% of film capacity (25,797) 
with normal reentry aud aerial recovery. 

Initial evaluation of the photographic 
quality of the film recovered in RV's 1, 2 
and 4 indicated the capability of the Sensur 
System to provide the specified 
photographic performance as identified in 
the Fight Readiness Report. 
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The ability to transfer film inte each 
of the RV's was demonstrated, as was the 
performance of the film take-ups in each 
RY. <A total of 147,799 feet of film was 
returned im the three RV's that were 
recovered. Momentary stoppages were 
troublesome but were in each case cleared. 

The first flight of the Hexagon 
aystem was truly an outstanding success} 
the harbinger of many more to come. Not 
only did it demonstrate that the Hexagon 
aystem could operate aatisfactorily, the 
sensor photography met the requirements 
of close look resolution and broad area 
coverage in steren! 

The successful SV~-1 mission could 
not have been possible without the 
dedicated ami tireless effort on the part of 
many individuals. It would be difficult to 
list all the major contributors without 
inadvertently omitting someone, particu- 
larly simce every task was a significant 
plece of the total program. However, at 


the launch of S¥«1, the following indi- 
viduals held key positions in the Optical 
Technology Division. M. F. Maguire, V-P., 


General Manager Optical Group East (and 
Acting General Manager of OTD); H. W. 
Rabertson, Deputy General Manager; Dr. 
Re M- Scott, V.P.. Technical Director; 
Re Ge Babish, E. Be Brown, C+ Be Lapinski, 
Dr. R. E. Hufnagel, and B. Malin, Members 
Technical Advisory Board; ¥. Abraham, 
Director Advanced Plannings P. E. Petty, 
Director Program Management; R. W. 
dones, Director Engineering; C. Karatsas, 
Director Assembly and Test; J. Braddon, 
Director Product ASSUF ances Ms As 
Mazaika, Manager Advanced Programs; 
W. H. Henson, H. EB. Henderson, G. O. 
Henderson, A. Wallace, V.C. Buonaiute, 
an Rs A.» Kelley, Managers Program 
Management; R.W. Williamson, W. 
Newell, H.W. Hering, §.T. Karachuk, 
BR. O. McLaughlin, N. A. DeFilippis, L. J. 
Farkas, P. J. Convertito, J. 5. Patterson, 
J.J. Garrish, R.H. Carricato, R. 
Labinger, F. Scott, L. B. Molaskey, M. H. 
Krim, ami W.E Keeney, Managers 
Engineering and Sr. Technical Staff; K. H. 
Meserve, C. 0. Bryant, W. Cottrell, F. E. 
Johnson, and T. A. MecGlung, Managers 
Assembly and Test. 
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SENSOR SUBSYSTEM IMPROVEMENTS 


Throughout the design of the Sensor 
Subsystem, changes were made whenever it 
became possible to enhance performance 
and/or reliability of the Sensor Subsyster. 
After the first flight of the Hexagon 
camera, both the customer and Perkin« 
Elmer started considering additional 
improvements. Soon after the flight film 
from the first mission was evaluated, we 
began thinking about ways to reduce 
smear, carry more film, get more coverage 
and at the same time increase system 
reliability. 

Although the supply was rewound on 
the first mission, it was soon discovered 
that rewind had to be restricted because of 
film-induced tracking problems and track- 
ing problems caused by various kinds of 
debris entering the film path from varicus 
sources im the space vehicle. Film wedge 
and other mechanical file properties 
caused mistracking of the film during film 
transport. Hydrodynamic liftoff due to gas 
ingestion during rewind led to film apillage 
in the Supply Assembly. Several 
modifications were made to accommodate 
this situation. Fence barriers were placed 
in the Supply Assembly to prevent film 
spillage from jeopardizing the other film 
path and steering was limited so that 
rewind would be possible at higher speeds. 

The problems of film wedge were 
discussed with the supplier, Eastman Kodak 
Company. The length of the film strips 
making up a roll of film were limited and 
the strips were arranged to prevent the 
film wedge from accumulating on one side 
of the film spools thus creating a film 
taper and causing film spills. 

The Sensor Subsystem was originally 
designed for SO-250 film. Prior to the 
first fight, all testing was accomplshed 
with 56-360 film. At the customer's 
request, Perkin-Elmer tested a very 
nominal amount of 1414 film, and, aa a 
result, film for the first flight was changed 
from 50-380 to 1414 film. This change 
increased coverage since 1414 film was 
thinner than 50-280. However, the Him 
taper first observed with 1414 Him 
contributed to tracking problema. 
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By mission SV~4) the customer asked 
Perkin-Elmer to add color film (§0-255) to 
the film supply to enhance the capability 
of the Sensor Subsystem. This required-an 
in-flight filter change which necessitated 
the addition of a filter mechanism in the 
Optical Bar Field Lena Assembly. ; 

During the first aix fights (Block 0, 
the customer and Perkin-Elmer program 
thanagement began to consider impreve- 
ments for the Block If Sensor Subsystems. 
Since it was determined that the film 
stacks in the Supply Assembly were 
subjected to lower launch vibrations than 
anticipated, if was decided to eliminate 
supply caging. After several months of 
analysis and ground testing, the supply 
¢aging device was removed from the flight 
models. This resulted in fewer parts and 
less weight, thereby increasing reliability. 
With the elimination of the supply caging 
and leas demand on the nitrogen gas, the 
way was clear to expand the size of the 
film supply spool. Perkin-Elmer also added 
a 180° builder roller in the Takeup 
Assemblies incorporating the change on 
SV-9. The mew 180° builder roller in the 
Takeup Assembly improved tracking sta- 
bility and thus accommodated the residual 
film wedge and files crowning in the film 
rolls. During the addition of the builder 
roller in the Takeup Assembly, the takeup 
was modified to carry a larger film roll, 
thus paving the way for increasing the film 
supply diameter. As a result of various 
system improvements, the resolution of the 
semexe subsystem improved significantly 
(see Appendix E). 

Three major 
made in Block Ih 


improvements were 
the capacity of the 
nitrogen eupply was doubled from 
a4 pounds s? 6&8 pounds; the Solid State 
Sensor (S34) Camera replaced the itek 
Stellar Cameras aml mensuration changes 
were made; and the Large Looper was 
added to decrease interop wastage thereby 
increasing the quantity of imaged film by 
about 20%. Film resolution was also 
improved by replacing the 1414 film with 
$O-208 film. In addition to a change to 
thinwer film, the 66-6-inch diameter supply 
film roll was. increased to 68 inches in 
diameter. 

Throughout the production run of the 


20 Sensor Subsystems, a large number of 
design changes were made to increase 
reliability to accommodate the continually 
‘iticreasing length of the missions (from the 


original 306 days during SV-1 to 261 days 
during SV+16}. 

One of the most significant changes 
made ta the Hexagon Camera was the 
addition of the $4 cameras. Beginning with 
SV-5, the Defense Mapping Agency New 
the APSA Camera (tek Stellar camera) 
which photographed the atar fleld and the 
ground simultaneously. This arrangement 
permitted the DMA to correlate the 
attitude of the vehicle with the terrain 
and, from that, arrive at the target 
location. As time went on, the DMA 
requirements became more stringent. The 
DMA begain to use the Hexagon imagery 
for their mapping requirements. The 
imagery was transferred from the 
panoramic film onto the APSA camera 
data and then final measurements were 
made on the APSA camera film. Since this 
was a tedious process, the DMA asked the 
Hexagon Program customer and FPerkin- 
Elmer to consider converting the Hexagon 
Camera to a Metric Camera. 

The government funded many studies 
with various companies to determine if 
panoramic photography could be used for 
mapping. As a first step, the governaent 
developed a device called the GEOPAC 
which was used in conjunction with the 
Hexagon camera on the SV-15 mission. tn 
addition, Perkin-Elmer calibrated the 
optical bar encoder, changed the 5° sean 
marks to 1° scan angles and changed the 
configuration of the fiducial marks from 
dots to fine cross hairs ao that a more 
accurate determination of film shrinkage 
could be made. The results prompted the 
DMA t6 ask for serious consideration of 
making the Hexagon camera a metric 
camera. 

The major problem, however, was 
locating a stellar camera on the two- 
éamera frame to establish an accurate 
interlock angle between the stellar camera 
and the optical bars. Several alternative 
designs were considered by Perkin-Elooer; 
however, they all proved to be toa 
complicated and risky to the primary 
mission of the Hexagon Camera. 


BF 007-0253-85 
HANDLE VIA BYEMAN 
CONTROL SYSTEM ONLY 
































Approved for Release: 2016/12/07 C05096580 





























Approved for Release: 2016/12/07 C05096580 








Lockheed, an Associate Contractor on the 
Hexagon Program, came up with an idea of 
placing a gyro package and tying it into the 
Sensor Subsystem. However, the accuracy 
achiewed in this way would be about ten 
arc-seconds amd was twice the system 
requirement. Viclor Abraham, presently 
Hexagon Program Director, beliewed that 
the idea of using the Hexagon Camera as a 
Metric Camera was in danger of being 
abandoned. “It wag then that I realized," 
said Abraham during an interview, “that 
the Charge Coupled Device was the only 
sulution to the problem.” 





Victor Abraham, Hexagon 
Program Director 


Abraham had previously worked at 
the Fairchild Camera Company as a 
physicist developing CCD devices for a 
variety of applications. He called a 
meeting with Dr. Rederic Scott, Technical 
Director at Perkin-Elmer, and 
Michael Weeks, OTD Division Manager, and 
giggested the idea of using CCDs in a Star 
Sensor System. Dr. Scott immediately saw 
that if was a perfect solution to the 
problem since it Gould be designed into a 
small package vying small optics and would 
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not require a film traneport since the star 
data could be processed in digital form. 

Some conceptual work wag produced 
by program engineers showing that the 34 
camera was feasible. A series of precanta- 
tions were made to the government, and 
permission was granted ta pursue the idea. 
Perkin-Elmer had to prove that not only 
would the S3 camera achieve the necessary 
accuracy of five arc«secomis but would in 
HO Way endanger the primary mission of 
the Hexagon Camera. 

The $3 project was initiated and a 
CGD characterization laboratery was con- 
structed. Analyses were conducted and an 
S4 camera was built and tested. It was 
flown in SV-17 and met all mission 
requirements. Although the 5? camera 
suffered a major anomaly which made half 
the 53 system inoperative, the camera 
exceeded the S-arc-second requirement 
(34 are-seconds). The Hexagon Camera is 
now called the Metric Panoramic Camera 
aa Vie Abraham, who promoted the 
- 


amera, noted in an interview that, 
"The Hexagon Camera has become a very 
versatile instrument and can now be used 
not only for intelligence-gathering opera- 
tions but also for mapping.” 





Solid State Sensor ($4) Camera 


In addition to the $1! camera, the 
SV-17 wission carried one other major 
improvement = a large iooper with an 
increased storage capacity. The capacity 
af the original looper was 1) feet of Hlm. 
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eo ees 


improvement 


OOAA Command Assembly 


Stmear Slits 


In-Flight Changeable 
Filter 


High Capacity Paeumatic 
Supply 

Large Diameter Supply 
UOTE Film 

Mono Cubic Dispersed 
Emulsions 


Large Looper/MFT 


53 Camera System 


8 


Supplemental Poeumatics 
Supply Module 


Effect __ 
On-orbit image motion 
compensation 
Engineering tool for measuring 
on-orbit IMC errors allowing 


corrections to be implemented 


Change filter during flight to 
accommodate color filma 


Provided greater capacity for 
film transport and longer 
operational life 


Inéreated film supply capacity 


Increased film supply footage 


Improved photographic system 


Decreased film wastage by 
approximately 20% 


Provided pan system with metric 


capability 


Provided additional capacity 
for film transport and longer 


operational life Jongest mission 


to date - 270 days) 
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However, because of the problema which 
securred on the first few flights during the 
rewind operations, it was decided te 
restrict the rewind operation. This, of 
course, resulted in film wastage. in. this 
mode, the 
interface between the coarse film path and 
the [oe film path and was not used for 
storing film during the end of the run. Tt 
Was apparent that something had to be 
deme to correct this situation. 

However, if was mot until Block TZ 
that the customer and Perkin-Elmer began 
to serlowsly examine the possibilities of 
developing a larger looper and thus 
eliminating the necessity of a film rewind 


looper served only as an ~ 
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ente the supply. Leonard Farkas, who at 
that time was in charge of the System 
Integration Department, started an 
analysis ta determine the optimum film 
storage capacity of a larger looper. It was 
determined that 2 @0-foot capacity was 
the optimum sige. This would enable the 
looper to store sufficient film for a 90° 
scan, with a margin of aafety. 

A large looper was built and tested 
on the Development Model and flown 
successfully in SV~17. Prior ta SV-17, flew 
wastage lunimaged film) was 24% because 
of interframe apace and interoperation 
apace. The large looper recovered 90% of 
the wasted Him. 


Major Elements of the Metric Panoramic Camera System 
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2 CUSTOMER RELATIONSHIPS AND INTERFACES 


PROGRAM MANAGEMENT 


In 1964, when Perkin-Elmer first 
became involved in space reconnaissance 
programe, both the Central Intelligence 
Ageney and the United States Air Force 
were conducting separate space recon- 
naissance programs. In time, the roles of 
the Agency and the USAF were defined by 
the government, but it was the climate in 
which the Hexagon program was born. 

Perkin-Eliner was approached almost 
simultaneously by both the Agency and the 
USAP to work on atudy programs for a 
space reconnaissance system. In the begia~ 
hing, the Agency and USAP requirements 
ware different enough so that there was mo 
conflict of activities at Perkin-Elmer. But 
in a few short weeks, it became apparent 
te Perkin-Elmer management that the 
goals of both programs were converging- 
Since it was the Agency that first 
approached Perkin-Elmer to work on the 
reconnaissance program, Perkin-Elmer 
management informed the USAF that it 
could na longer work on their program 
since the government would then he paying 
twice for the same effort. After a meet- 
ing with Ore Ereckway MeMillan, Under 
Secretary of the Air Force, Perkin-Elmer 
was relieved from participating on the 
USAF program: 

At the time that the Agency ap- 
proached Perkin-Elmer, John A. MeCone 
was Director of Central Intelligence. 
MeCone recognised the importance of 
apace reconnaissance systems and, soon 
after he became Director in 1961, he 
attempted to assert the CIA's leadership 
position in this area. He created the 
Directorate of Science and Technology and 
recruited a brillant young scientist, 
De. Albert D. "Bad" Wheelon to head the 
directorate. The directorate waa com- 
posed of several offices. The Office of 
Spécial Activities was responsible for the 
development and control of all recon- 
nalssance programs in the CIA. 

In 1965, the Olfice of Special Activi~ 
ties was aplit inte two offices; the Office 


Se let, & eRe 


pete 


of Special Activities and the Office of 
Special Projectae The Office of Special 
Activities continued to control all aircraft 
reconnaimance programs, but all space 
teconnaissance programe were transferred 
te the Office of Special Projects (now 
ealled the Office of Design and Engi- 
neering). John §. Crowley became the first 
Director of the Office of Special Praj- 
ects.! 

Tt was in this office that the require- 
ments for the Hexagon Sensor Subsyatens 
were formulated. The forerunner of the 
Hexagon program, the Fulcrum program, 
started in January 1964 when the Agency 
selected the Itek Company to begin initial 
studies of a camera system embodying the 
capabilities of both the areaseurveillance 
and the close-look satellites already in 
operation. 

In June 1964, the Agency contracted 
with Perkin-Elmer for studies paralleling 
the activities at Itek. This technique is 
often used on critical government pro« 
grams to insure the development of the 
most effective system. 

In September 1964, the Perkin-Elmer 
study was expanded into a Phase I study 
and resulted in the construction of a 
camera mockup called the “cocktail 
Shaker.” It was soon after that the Itek 
Company withdrew from the Fulcrum 
Program. 

The Agency askel Chester W. 
Nimitt, Jr., if Perkin-Elmer could continue 
the activity started at IKek. Nimits 
accepted under the condition that Perkin~ 
Elmer would have an opportunity to study 
the tek concept before undertaking a final 
design. The results of these studies were 
reported previously. 

Relationships between the Apency 
and Perkin-Elmer program management at 
this point in Hime were excellent. How~ 
ever, a5 in any endeavor or partnership 
involved in a critical undertaking involving 
the national security, the pressures af 
designing a unique camera system within 2 
tight budget and schedule began to strain 
this good relationship ami scen, after the 
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award of contract, “hairline” cracks in this 
relationship began to appear in several 
areas simultaneously. One area concerned 
the requirement of customer approval af 
all design decisions; another involved 
customer approval of all subcontractor 
selections; and the one that seemed to 
have the greatest impact on the cost and 
achedule of the Hexagon program was the 
invelvement of the Agency's technical 
consultant, known as SETS (System Engi- 
neering Technical Staff), in all technical 
and planning decisions. 

At the time that the Agency con- 
tracted with Itek on the Fulcrum program, 
it alsa contracted with the Thompson- 
Ramo-Woolridge Corporation (TRW) to 
provide technical consultants to review 
itek's progress on the program. In addition, 
TRW also worked as the System Engineer 
ing Assembly Checkout (SEAC) associate 
contractor on the Pulerum Program. [tek 
tratagement objected to the dual function 
that SEAC served on the program. SEAC's 
dual function continued when the Agency 
teansferred Ttek’s Fulcrum activities to 
Perkin-Elmer in March 1965. When the 
Hexagon program contract was awarded te 
Perkin-Elmer, the TRW technical con- 
sultant group then became known as SETS 
(System, Engineering and Technical Ser 
views Contractor). Concern for the work- 
ing relationship between the Agency, SETS, 
and Perkin-Elmer was expressed in a 
memorandum from John Crowley to Carl 
W. Besserer who headed SETS.¢ 

When John Crowley met with Chester 
W. Mimite at the end of 1966, he expressed 
a serious concern with Perkin-Elmer's 
ability to properly staff the Hexagon 
program.” Nimitz decided to transfer the 
Management of the program to Kennett W. 
Patrick, then General Manager of the 
Electro-Gptical Division [EQD). Patrick 
replaced Dick Werner as General Manager 
of OTD on 1 January 1967, bringing with 
him a substantial oumber of EOD technical 
and administrative personnel. — 


until the fall of 1967 when in a letter to 
Nimitz he expressed concern with the 
program's progress and indicated that 
decisive action was necessary to recover 
both technically and schedule-wise.? 


Nimitz responded by a division reorganiza- 
tion and a redirection of the program 
assets, however, Crowley's letter disturbed 
Nimitz prompting him te reply and defend 
Perkin-Elmer's record on the Hexagon 
program.* 

As the program progressed, the in- 
creased number of customer representa- 
tives and SETS personmel assigned to the 
Perkin-Elmer facility began to cause diffi- 
eulty at the working levels of Perkin- 
Elmer. Perkin-Elmer engineers and admin- 
istrative personne] began to accept verbal 
suggestions of both customer and SETS 
representatives as afficial direction to 
make changes, Unfortunately, these 
changes affected not only the cost of the 
program but also the schedule. 

Toward the end of 1948, the Agency 
was facing difficulty in acquiring sufficient 
funding to support the Hexagon program at 
the increased level of activity required to 
maintain schedule. Perkin-Elmer re= 
sponded to this situation presenting a 
reformatted program which permitted a 
substantial cost reduction. 

Delivery of the first flight sensor was 
48 months after receipt of the develop- 
ment contract for six vehicles (Block I}. 
This retnarkable achievement was accom 
plished within four months of contract and 
with less than 25% overrun. The Agency 
reacted by retroactively changing the 
contract for SV=2 and subsequent to an 
incentive contract including cost, echedule, 
and on-orbit performance. This unique 
arrangement served both the Intelligence 
Community and the Contractor 
exceedingly well. By placing incentives on 
those factors that were important to the 
Customer, the Contractor was motivated 
to strive for optimum results. This was 
oe of many pioneering approaches 
implemented on the Hexagon Program that 
contributed to its outstanding record of 
success. 


CUSTOMER CHANGEOVER 


In December 1971, six months after 
the first successful Hexagon mission, the 
Government sotified Perkin-Elmer of its 
intent to transfer responsibility for the 
Hexagon program from the CIA to the 
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USAF, specifically the Air Force/Secretary 
of the Air Force, Special Projects Office 
[AP/SAPSP). It was subsequentiy deter- 
mined that the effective date of this 
action would be 1 duly i973. However, 
there would be approximately a one-year 
ewerlap by these organizations. The CIA 
would continue the Block I and I pregrams 
until that date, but the AF/SAFSP would 
begin the procurement of Block Uf 
hardware immediately. 

in May 1972; SAFSP issued a request 
for quote covering production of Sensor 
Subsysters 13-18 (Block ID and associated 
services, and a contract waa negotiated in 
October. 

The USAF’s stated philosophy of 
requiring the contractor to manage the 
Hexagon program without the use of a 
System Engineering Contractor for tech- 
tical and administrative decisions was in 
contrast to the management techniques 
used aon the initial Block I and If contracts. 
Tt should be woted, however, that the 
SAPSP Office maintains very close 
surveillance of the program and partici- 
pates in all important decisions. 


The philosophical difference of the 


Block TL contract broadened Perkin- 
Elmer's responsibility and control of the 
program. A more general statement of 
work was written and more conventional 
contracting was negotiated. The "Martin" 
formula for contracting for special satel- 
lite programs was followed. This unusual 
procedure was evolved during General John 
Martin's tenure as SAFSP. The Block If 
contract followed both the spirit and intent 
of the Martin formula. One only has to 
look at the program results to judge the 
efficacy of this contracting method. 

The transition of a program as com- 
plex os the Hexagon sensor from one 
govertiment agency to another in mid- 
atream was indeed an unusual and imno- 
vative procedure. That it happened 
without missing a beat is a tribute to the 
professionalism of the individuals involved 
on all sides. 


PROGRAM SECURITY 


A major concern of the CIA and the 
SAPSP is program security. A review of 


- several areas of 


the Hexagon program TWX messages from 
1964 reveals that although all aspects of 
security are carefuliy monitored, there are 
: specific concern} 
indiscriminate use of insecure telephone 
systems,! release of information by the 
press concerning visible changes to the 
contractor's organization and facilities 
related to the program, and program 
personnel reaction to newspaper stories, 
magazine articles, and books revealing 
various aspects of satellite reconnals- 

Shortly after Brigadier General John 
E. Kulpa, Je. became Director of the 
Office of Special Projects, Department of 
the Air Force (August 1975) he wrote a 
letter to Paul Petty (General Manager of 
OTD) reaffirming the basic policies which 
governed their business relationship.4 His 
letter highlighted areas he felt deserved 
special comment and emphasis inchoding 
eontract Management, marketing, and 
ethics. He also reiterated the importance 
of security and stated the following. 

“Security requires constant attention. 
Satellite intelligence collection systeums 
are vital to the nation ~~ and axtremely 
vulnerable. This vulnerability mot only 
includes the threat of physical damage, but 
extends into potential political counter- 
measures. The Byeman control syaten 
serves to prevent unfriendly nations from 
finding reasons to exert political pressures 
against our reconnaissance satellites, as 
well as protecting their true capabilities 
and the military and industrial base 
engeged in their development and opera~ 
tion. Adversary mations are known to be 
taking dedicated, effective  counter« 
measures, including warning alerts, ex 
panding use of information encrpptian, 
cover, camouflage and deception, toa 
reduce the effectiveness of our reconnais- 
aance satellites. We cannot afford ta give 
them any advantage. 

The recent public revelations of 
various aspects of satellite reconnaissance 
have been unfortunate. However, we must 
continue not to comment on printed stories 
nor openly discuss this subject. We each 
need to reaffirm to all of our people that 
the policies and procedures of the 
BYEMAN control system mvust be followed 
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in spite of greater public awareness; if, in 
the future, there are changes in security 
policy, they will be conveyed to you 
directly and quickly from me." 

One of the magazines continually 
publishing articles on the progress of this 
nation's reconnaissance programs is AVLA- 
TION WEEK.9°24 Other publications have 
sporadically covered this area of gowern- 
tment activity, but the mast prolific writer 
on the subject has been AVIATION WEEK's 
Philip J. Klass.25-43 He did a thorough job 
in summarizing bis knowledge of the 
United States reconnaissance program in a 
book titled "Secret Sentries in Space.44 
Although lacking in some details, and 
slightly inaccurate in others, little is left 
to the imagination of our nation's 
adversaries. What is really damaging is the 
impact these public revelations have on 
people involved in reconnaissance pro- 
grams. After each public announcement of 
the newest advances in this country’s space 
reconnaissance activities it is necessary 
for program management in both govern- 
tent and industry to caution their person- 
nel not to discuss or confirm these stories. 

How this information is obtained is a 
mystery since security officers both at 
Perkin-Elmer and the government deny 
that they are controlled leaks. If this is 
true, then it must be assumed that all of 
the published information on our country's 
reconnaissance programs is gathered from 
people in government who have knowledge 
of the programs and are trying to gain 
political advantage; or revealed to 
reporters by embittered employees who 
have been terminated from the program or 
obtained from ex-government intelligence 
agents running a crusade against our 
nation’s intelligence community and 
making a "few pieces of silver" in the 
bargains or foolish people working on the 
program who gain some measure of 
importance by telling a reporter “some- 
thing special” known only by a few. 

Certainly, the bad press that our 
aecurity forces have received in the past 
20 years hae had a deteriorating affect on 
the general security attitude of the 
citigens in this country, thereby weakening 
our resolve and ability to gain intelligence 
and develop an effective response to our 


adversaries’ thrusts. Fortunately, the pen- 
dulum is now swinging In the other 
direction and the legislation of the 60's and 
70's, which made it extremely difficult for 
tir security forces to operate, is now being 
modified. 

Prior to the customer changeover on 
i July 1973, SAPSP couducted an audit of 
Perkin-Elmer’s operations as related to the 
Hexagon program.*5 One of the areas 
covered was program security. Fact- 
finding sessions were conducted during the 
week of 11-15 June 1973. The sub-team 
responsible for reviewing the security 
Organization and policies conducted an 
extensive examination covering all aspects 
of program. security. 

In a letter to Robert HH. Sorensen, 
President of Perkin-Elmer, Brigadier 
General David BD. Bradburn, who at that 
time was Director of the Office of Special 
Projects, stated, "I am very pleased with 
Col. Parrish’s initial report to me on the 
conduct of the response to the survey team 
and the demonstrated professionalism of 
your top managers in the OTT. [ believe 
there was candor and frankness all around 
and that my managers and yours developed 
excellent rapport. After reviewing the 
survey report in detail I will advise you of 
the significant conclusions and any actions 
I think you should take."*#6 

In a subsequent letter containing a 
summary report on the management survey 
at Perkin-Elmer, Bradburn included a 
Paragraph on security and suggested some 
actions.*! “I place much more dependence 
on your security staff than the CIA did. I 
look to your security man to handle 
security planning and staff functions and te 
handle most security problems through 
direct and frequent comtact with my 
security staff here in Los Angeles. This 
arrangement makes your security officer 
an extension of omy office with 
considerable discretionary authority. He 
needs to be invalved in every aspect of 
program management and hence should 
Feport to the Hexagon Program Manager." 

Some basic differences between CLA 
and SAFSP security direction were also 
noted in the Bradburn letter: “There is no 
integrated Byeman security structure 
within Perkin-Elmer. There is no principal 
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Byeman security officer within the Persin- 
Elmer corporate structure. The Corporate 
Security Office is located within the 
Electro-Optical Group. There is no organi- 
gational relationship between security 
functions. At present, Optical Technology 
Division Security is (physically) located in 
the Product Assurance Department -- a 
situation which is anomalous to the 
management philosophy of SAFSP. There 
ia little incentive for top quality Byeman 
security management personnel to remain 
with the organization. The internal 
Byeman security systems and procedures in 
effect at the OTD to support the Hexagon 
program are generally outstanding. This is 
due largely to continuous on-site super- 
vision and direction by a resident security 
representative of the CIA security staff, 
and to the competence of the OTD 
Security Group. 

The significant change im security 
operations is that there will no longer be a 
customer resident security representative, 
and SAFSP logka to the contractor te 
motivate his people and resalve more 
problems on his own. To accomplish this, a 
firm rapport must be effected. To insure 
that the present program dees not lose its 
effectiveness, the principal Byeman secu- 
rity representative of the division must be 
positioned sufficiently close to the top of 
the management structure where be can 
function as an integral member of the 
management team and effect a competent, 
cohnsive interface with SAFSP." 

The letter imlicated that the cover 
and Phase I briefing material and 
presentation were good, although Perkin~ 
Elmer was to streas more definitely that 
the “fact of* satellite reconnaissance is a 
Byeman secret and any direct association 
between optical/camera operations and 
military space must be handled at the 
Byeman level. The difference between 
Byeman security and normal DOD classi~ 
fled information was aleo to be empha~ 
giged. Under SAPSP direction, Perkin- 
Elmer's Byeman security staff was te 
assume the responsibility of giving Phase 
il level briefings, a function previously 
handled by the resident CIA security 
officer. “The Bradburn letter ended with 
the statement that, “All other plans and ali 


actions in this area [security) are good." 
In a letter to General Bradburn, 
Robert Sorensen Heated the actions that 


. were taken in response to the SAPF5P 


Management Survey Report. The Optical 
Technology Division was reorganized and 
Paul Petty was appointed Deputy General 
Manager of OTD with full-time assignment 
as Program Manager of the Hexagon Pro- 
gram reporting te Michael Weeks who in 
April 1973 had replaced Michael Maquire 
as General Manager of OTD. B. Alan Ross 
became Assistant General Manager, OTD, 
and assumed responsibility for Security; 
Contracts; and the functions peereeny 
designated as Program services.49 These 
moves satisfied SAFSP management. 

Although the survey report stated 
that “All elements of physical security are 
outstanding,” the report also noted that, 
"Contrary to the contractor's {Perkin- 
Elmer) presentation, mot all personnel 
working in OTD require Hexagon access. 
Specifically, personnel working on company 
proprietary or commercial activity in 
Building 3 of the Danbury building complex 
do not have automatic "need-to~know." 
This was the first imdication that the 
mixing of Byeman work aml other activi- 
ties created a security problom. The 
Danbury OTD complex, which appears to 
be one large facility (370,000 square fot), 
is actually five separate buildings within 
one exterior shell. A new addition, housing 
both EOD and OTD people, was added on to 
the Danbury complex in 1950. 

On October 1977, Perkin-Elmer was 
awarded the contract for NASA's Space 
Telescope. It had previously obtained per 
wission from SAPSP to use part of the 
Danbury OTD facility for the Space 
Telescope. The building was originally 
built for amd dedicated to the Hexagon 

ram. 2950, 

Prior to the inclusion of the Space 
Telescope program, the OTD Danbury 
facility was primarily a Byeman facility 
with few non-Byeman people. This 
changed when Space Telescope peraonnel 
arrived on the scene. The cafeteria, the 
hallways, and the building grounds were 
now being shared with non-Byeman people 
and Hexagon Program personnel now had to 
oe additional caution to safeguard 
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program security. 

This arrangement was working and 
the security of the Hexagon program was 
intact. However, on 22 April 1981 an 
inchlent occurred that was to precipitate a 
strengthening of the Hexagon security 
program. 

On Thursday morning, 23 April 1981, 
O720 hours, a Perkin-Elmer employee 
noticed two Hexagon shipping containers 
located outside of the Danbury building 
near the entrance to the gross cleaning and 
shipping area. He immediately roumied up 
Byeman-accessed manufacturing personnel 
and moved the Hexagon shipping containers 
inside the gross cleaning area. TL was 
determined that no penetration was made 
on the boxes of swath material and 
shipping containers, and the ‘Security 
Office was notified of the violation. 


Hexagon Film Shipping Container 


As a consequence of this incident, 
SAPSP conducted a security review at the 
Danbury OTD facility. The conclision 
reached during this review by the SP-3 
audit team was that the Perkin-Elmer 
Byeman. Securify Progeati was aot entirely 
compatible with the curtent requirements 
of the Byeman Control System. . 


Hx POPE - 


& tMajor effort was launched ta 
correct the discrepancies discovered by the 
SP-3 audit team. The OTD Security 
Department was reorganized and placed 
umder the management of Sheldon Ferber 
and a massive Security Awareness Program 
was established ta rebricf all Byeman 
accessed personnel at Perkin-Elmer. The 
Perimeter of the EByeman area was 
modified to make it more securé and the 
communications ami computer systems 
were separated from the “white” areas in 
the Danbury building complex: 

These actions resulted in a Byeman 
facility that is greatly strengthened to 
prevent penetration from the outside. 

Mixing EByeman and son-Byeman 
programs im the same building complex 
creates. problems for security personnel. 
However, the cost savings to the 
government are substantial. Governament= 
owned equipment can be used on non- 
Byeman programs and critical skills needed 
on Byeman programs can be retained by 
assignment to non-Byeman activities. 

Byeman secreta can be protected by 
an alert and creative security ataff 
supperted by all levele of management. 
Byeman program personnel can be 
motivated and trained to adhere ta the 
stringent requirements of working on a 
Byeman program surrounded by non- 
Byeman activities. 

A eontinuing program of security 
awareness is critical to Byeman programs 
since the media delights im airing our 
Nation's secrets. An excellent example of 
what Byeman program personnel are sub- 
jected to was viewed on network television 
on 20 duly 1975. The program "60 Minutes” 
reviewed United States progress in apace 
reconnaissance. In a li?-minute segment, 
Mike Wallace interviewed Philip J. Klass {a 
senior editor of AVIATION WEEK), Michael 
Marchetti fex-GIA agent), and General 
Lucius Clay, Jr. (Commander of NORAD). 

In his closing statement, Wike 
Wallace said, “If you think we've just 
revealed space secrets to the Russians be 
advised they know all about building 213 
(National Photographic Interpretation Cea-~ 
ter} and a int more. Then why all the 
aecrecy? Well, some people in cur State 
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Department say its so as not to embarrass 
the Russians. They don't want to have to 
admit te thelr own people that U.S. 
satellites are photographing the Russian 
land masa day in and day out. But that 
doesn't seem to make much sense because, 
after all, the Russians are doing the same 
thing to us. Others suggest the reason for 
the secrecy if $0 a8 not to inflame other 
nations because these satellites can, of 


» publicly eonfronted with them. 


course, photograph any spot on earth. Amd, 
of course, these other nations Know all 
about the satellites but they've never been 
Tf they 
“were, the fear is they would have to make 
a fuss about it in the United Nations, and 
neither the Americans nor the Russians are 
anxious for all that. if all thie sounds like 


something out of “Alice In Wonderland,” 
you're right." 
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A HISTORY GF THE HEX 


3 TECHNICAL DESIGN, 
MANUFACTURE AND TEST 


EVOLUTION OF THE 
SENSOR SUBSYSTEM DESION 


The evolution of the Sensor Subsys- 
ters desiga recommended in the Perkin- 
Elmer Hexagon proposal began in March 
1965 when Perkin-Elmer was funded by the 
Agency to continue a camera design ini- 
tiated by Itek. Perkin-Elmer engineers 
studied the Ttek “optical bar" design to 
determine if that particular configuration 
was the best technical approach. In August 
1965, Perkin-Elmer recommended to the 
Agency a modified form of the “optical 
bar" design. From that point in time to the 
day Perkin-Elmer was awarded the Hexa~ 
gon contract for the Sensor Subsystem in 
Qetober 1966, Perkin-Elmer engineers con- 
ducted studies and experiments to develop 
a filma transport and electronic controls for 
the “optical bar” design. Dr. Roderic 
Stott attributes the selection of Perkin- 
Elmer by the Agency tor (1) our willing- 
fess to work with the CLA, (2) the design of 


the twister, and (3) the demonstration of a 
process to manufacture high quality optical 
flats at a rate of one per month. F 

When Perkin-Elmer first became in- 
wolved in Phase I of the Agency's recon- 


naigsance program in September 1965, 
ayaten engineers initiated a Preliminary 
Performance Specification based on oral 
anil documented requirements from the 
Agency. This specification was updated as 
newer requirements evolved during the 
warious study efforts on the program. It 
was incorporated into Perkin-Elmer's 
Hexagon proposal submitted to the govern= 
ment in July 1966 and eventually hecame 
the Sensor Subeystem Specification 
{SP=621-0001) referenced in the Hexagon 
negotiated contract. 

When the Hexagon contract was 
awarded to Perkin-Elmer in October 1966, 
the design and development of the pra~ 
posed system, supported by Agency fund- 
ing, was already in progress. In many areas 
conceptual layouts were completed and 
detail design layouts were well underway. 
Little time was lost in starting up the 


progeam since Perkin-Elmer had spent 14 
months prior to the award of contract 
developing and testing the proposed design 
concept. 

The System Engineering Section af 
the newly organized Optical Technology 
Division subdivided the Sensor Subsystem 


into functional units aml, based on the 


Performance Specification design criteria, 
established error budget allecations for 
each design area. The total of the error 
allocations included all factors which 
influenced the quality of the image on the 
film. 

Project engineers in the various 
engineering sections {i.c., Optical, Mechan- 
ical, and Elactrical) responsible for 
designing these units were direated ta 
prepare a functional specification for each 
design area. The functional specifications 
were to be the primary guidelines and 
contained system engineering data, initial 
performance amd environmental require~ 
ments, design criteria, and all interface 
requirements or design constraints known 
at the time the specification was prepared. 
The development of the functional 
specification was an iterative process and 
required close liaison between system 
engineers, project engineers, and program 
personnel responsible for interface control. 

As the conceptual design of each 
functional unit was completed, the project 
engineer presented it at a technical review 
attended by customer representatives and 
consultants and Perkin-Elmer’s Technical 
Advisory Board. The purpose of the Con- 
cept Review is to judge the adequacy of 
the design and to uncover any technical 
weaknesses or interface problems. It was 
the initial milestone in the program 
achedule é¢ach functional unit had to pass 
before continuing to the next design level. 
The Concept Review Data Package sup- 
porting the design approach included an 
approved functional specification, design 
layouts, and engineering study, analysis, 
and test reports conducted om the design. 

Following approval of the Concept 
Review, the project engineer and his design 
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team prepared for the aext level of 
technical review, the Preliminary Design 
Review (PDR). The first step wae to 
prepare a design specification fer the 
functional unit documenting engineering 
requirements for the design and perfor- 
mance of the unit and outlining the 
methods for verifying the design. After 
completion of final design layouts, the 
design team prepared a POR Data Package 
to gupport the design approach. In addition 
to a complete get of design layouts, the 
data package included an approved design 
specification, and engineering analyses and 
test reports supporting the final design. 
The project engineer updated his design to 
conform to any suggestions or changes 
directed ty the customer or the Technical 
Advisory Board, after which customer 
approval was granted. 

There was one last technical review 
each funetional unit had to pass 
successfully before the design could be 
transformed into manufactured parts, the 
Critical Design Review (CDR). The CDR 
Data Review Package consisted of a 
complete set of manufacturing drawings 
including detail, subassembly, final assem- 
bly, specification, and source control 
drawings and parts lists. In addition it 
included an equipment specification for the 
functional unit documenting the configura- 
ties and performance during the fabrica- 
tion or production phase and specifying the 
inspections and tests required to verify the 
equipment. This was an extremely impor 
tant review since any changes made after 
the drawings were released to the manu-~ 
facturing and purchasing departments 
would have a serious impact on beth costs 
and schedule. 

In. addition to the functional units, 
this sequence eof technical reviews was 
applied te all test equipment, assembly and 
test stations, and aerospace ground equip~ 
ment required for the support of the Sensor 
Subsystem. 

This section of the history will 
review the evolution of the functional units 
aml the impact that the basic design 
problems and thelr solutions kad on the 
Hexagon program. Since only a- brief 
technical description of each functional 
unit will be provided, the reader is asked to 


refer to the Technical Data Book for a 
detailed design description. Important 
changes affecting particular units are 
discussed ag each functional unit is 
covered. In retrospect, the engineering 
decisions made throughaut the evolution of 
the Sensor Subsystem design were timely 
aml correct and contributed ta the guccesé< 
ful completion of each mission. 

Three significant problems had to be 
solved to successfully produce a Sensor 
Subsystem capable of meeting the require 
ments of the Hexagon Reconnalssance 
System. In addition to handling large 
quantities of wide (5.6 inches) ultra thin- 
base film at a high velocity and to a 
required accuracy of synchronization and 
achieving an acceptable environment for 
the film, it was necessary to design lens 
and mirror mounts capable of maintaining 
optical alignment through launch and. in 
orbit. Also, new grinding and polishing 
techniques had to be developed to produce 
the significant quantities of large, high« 
precision optical elements required to 
support the Hexagon program. 


Optical Bar Assembly 


The Optical Bar Assembly is a 
completely enclosed and rigid etructure 
containing the camera optica. Its thres 
primary purposes are to provide a mcunt 
for the optical elements and isolate therm 
from external mechanical deformations; 
provide thermal protection for the optical 
system; and provide the basic rotating 
motion for the transverse scan and the 
aystem's primary time reference. 

The “optical bar” design was started 
by Itek in the spring of 1964 and continued 
by Perkin-Elmer in March 1965 at the 
request of the Agency. After a triticai 
review, the “optical bar" design was 
improved and recommended in Perkin- 
Elmer's Hexagon proposal. 

At the award of contract, the design 
ef the Optical Bar Assembly was further 
along than other functional units since the 
long-lead time required for the optical 
elements required the release of drawings 
early in the program, During the first 
eight weeks of the Hexagon program 
several optical design changes were 
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evaluated. One modification increased the 
half-inch back focal length to one inch to 
provide sufficient space for a focus sensor, 
a capping, shutter, and a timing dot 
generator. 

Design of the optical bar moved 
rapidly and by 14 February 1967, a Concept 
Review of the uhit was presented and 
accepted with certain reservations.* It 
was felt that increased confidence in the 
reliability of the optical coatings was 
required and that the thermal effect of the 
optical bar caging mechaniem needed 
further study. Also, the rotary 
commutator for in-flight instrumentation 
was not shown on the concept layouts. 
There was also a potential overweight 
problem. At the time the design was 
proposed (21 July 1966) the weight of the 
optical bars was estimated at 1096 pounds. 
The design presented at the Concept 
Review was estimated at 1256 pounds. 

The design of the optical bar 
progressmd and on 7 June 1967 the 
Preliminary Design Review (PDR) was 
held.3 Although the general design was 
accepted, there was some concern about 








A HISTORY OF 


the thermal analyses and approval was net 
granted until the required data was 
supplied to the Agency. The estimated 
weight of the Optical Bars was now 1068 
pounds, but some uncertainty still existed 
in the weight allorations on the Sensor 
Subsystem. 

Soon after the PDR. a study program 
was undertaken to determine system per- 
formance with an interchangeable filter. 
The filter initially proposed was located in 
back of the field lens group and had to be 
selected price to launch. The study showed 
that an interchangeable filter plate could 
be located between the second and third 
elements in the field corrector group 
without causing serious degradation in. the 
optical design performance. A concept 
review of the interchangeable filter was 
held on 20 September 1967 and the new 
filter location was approved.* In addition 
ta having the least effect on optical 
performance in that location, it was also 
the most faverable for a mechanical 
redesign and coavenicnce of installation. 

The Optical Bar Critical Design 
Review (CDR), held on 31 July 1968, 


Optical Bar in Dynamic Balancing Machine 
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Hexagon Camera Optical Components 


opened with a description of the changes in 
the design since the PDR.5 A former 
problem with butt welds on the diagonal 
mirror support bracket was eliminated by 
reducing the number of butt welds. An 
optical bar parking brake was not required 
since the drag caused by the bearings, slip 
tings and encoder bearings was sufficient 
to offset the disturbing torques 
encountered during lautich and orbit. 

it was determined that the weight. of 
the optical bara was within budget based on 
actual hardware weight analyses (1227 
pounds). During a discussion of pressuriza~- 
tion, the project engineer indicated that a 
pressure geal could be implemented on the 
Development Model, but that a slightly 
different design would be required on the 
Engineering Model. (The rotating optical 
bar geal developed by P. Pressel was a true 
, State-of-the-art development). After a 
review of the COR data package, the 
Agency granted approval to begin 
fabrication of the optical bar. 


Camera Support Frame Assembly 


The Frame Assembly supports the 
optical bars, loopers, and associated film 
path components. The frame contrals the 
dynamic loads tranemitted to the optical 
bars and serves to position the optical bars 
relative to the Attitude Control System 
{ACS) in orbit. It must maintain 
positioning accuracy of the camera optics 
through launch environment, thermal dts- 
tortion of the vehicle in orbit, and during 
operation of the ACS thrimters. 

The mitial frame drawings 
released to the subcontractor 
— ~=~=h)d om 26 January 1967 to en 
them to tieet the completion dates of the 
Mase and Thermal Model frames. 

The Frame Concept Review, beld on 
@4 February 1967, revealed no significant 
design problems and was approved. 
However, additional structural analyses 
were required to determine the effects of 
cantilevering the looper assembiy on the 
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Two Camera Assembly (TC A) Typical of SV-1 through SV-16 Configuration 


frame. Studies were also needed to 
determine the impact that a change in the 
stereo angle would have on the frame 
weight and performance. 

The estimated weight of the frame 
listed in Perkin-Elmer's proposal was 280 
pounds. By January 1947, the weight 
estitate increased to 383 pounds and 
edged upward to 398 pounds at the Concept 
Review. By 15 June 1967, a decrease in 
the weight of the optical bars permitted a 
decrease in the frame weight to 339 
pounds. 

The Frame POR (23 May 1967) was 
only the second PDR held on the program 
since the award of contract.” Don 
Patterson, CLA Sensor Subsystem Program 
Director, took this opportunity to make a 
few comments on the nature of a 
Preliminary Design Review. Me remarked 
that the PDR is a review for the customer 
during which time the contractor attempts 
to convince the customer that he has done 
the job agedéd fo prove out the design of 
the fumetional unit being reviewed. The 
review should be supported by all the 
documentation resulting from engineering 
studies, avalyses, reviews, experiments and 
tests that have been performed ta confirm 


that the design will meet the perforinance 
requirements. This effort should satisfy all 
concerned that the design will perform 
within the functional specifications gov- 
erning it and so can be approved for detail 
drawing preparation. 

Patterson also defined SETS' (cue 
tomer technical consultant) role in the 
PDR as adviser ta the customer regarding 
the adequacy of the information presented 
te make a technical evaluation of the 
design, and im determining whether the 
design actually meets the requirements of 
the specifications. 

The day that the Prame PDE was 
held, a TWX message was sent by the CIA 
to the NEO advising them that the frame 
was designed in accordance with Perkin- 
Elmer's original Hexagon proposal which 
required the frame to fit within a 90-inch 
diameter shell.? Informal discussions with 
the Special Project Office managers 
responsible for the Satellite Vehicle design, 
however, indicated that the diameter of 
the Satellite vehicle would be 120 inches 
regardless of the Sensor Subsystem 
envelope diameter af 90 inches. 

The message went on te state, "At 
the time of the proposal by the Sengér 
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Subsystem contractors, design value was 
given im rating the proposals for reducing 
diameter and length. The reduction of the 
diameter ta 90 inches was made with some 
compromise to weight and simplicity of the 
frame design. Te holding the diameter to 
90 inches ig not required or mec 
desired, some improvement can be realised 
by redesigning the frame. With 
approsimately a 6-inch increase in width, a 
simple box girder structure can be used 
with a resulting weight decrease of about 
27 pounds." Approval for the design 
change was granted, bul not without 
bedule slippage and increased cost 
estimate). 

During the Frame PDR, considerable 
discussion centered on Perkin-Elimer's 
approach to the frame environment test. 
The frame design waa approved with some 
reservations noted by Patterson.> The 
customer reserved the right fo review the 
frame design for possible modifications 
when an “agreed-upon” Performance Speci- 
fication was approved and when a Perkin- 
Elmer document specifying the expected 
Sensor Subsystem environment was 
prepared. 

Design and analysis of the ideal 
frame corner design was initiated and 
invelwed the use of @ “box corner 
construction. However, problems asso- 
clated with interface requirements he- 
tween the. Sensor Subsystem and the 
Satellite Vehicle continued.® 

The Frame GOR, beld 31 duly 1967, 
included a review of the design changes 
since the Frame POR.’ It was reported at 
this meeting that the frame corners were 
redesigned to reduce lateral deflection and 
4 strain test performed on a test corner of 
the new design produced one-fifth the 
deflection per static load originally 
expected. The frame at the time of CDR 
was two pounds under the budget weight 
(486 pounds} According to the CDR 
Meeting minutes; “both the frame and the 
frame-mounted electronics are adequately 
designed from a thermal standpoint.” The 
eellability of the frame was, "in the design 
and not the numerics." The COR was 
subsequently approved by the customer. 

Oo 19 amd 20 December 1967, an 
Interface Working Group meeting was held 


and covered the total Sensor 
Subsystem/Satellite Vehicle configuration. 
The result of this meeting was that the 
camera frame was lowered 11 inches below 
the Satellite Vehicle roll axils and the 
supply reel rotated 90°. This necessitated 


the lengthening of the fore and aft two- 
eamera assembly envelope and a revision 
of the Supply Assembly envelope.§ 


The fine film transport system 
consists of two functional units; the Platen 
Assembly and the Film Drive Assembly. 
The Film Drive Assembly transperts the 
film from the Looper Assembly, to the 
Platen Assembly, and then back to the 
Looper Assembly. It supports the twister 
assembly which permite a loop of film ta 
enter the oscillating Platen Assembly, 
track precisely through the focal plane, 
and then exit back inte the fixed Film 
Drive Assembly. 

it should be noted that the “air ber 
twister” is the key component in the 
“optical bar” configuration. The lack of 
this device in the configuration devised by 
Itek was the major drawback In its design. 
Without the twister, Ttek engineers were 
forced to locate both the film supply spool 
and the film takeup spool on the rotating 
optical bar, resulting in a cumbersome 
design that had little chance of working 
effectively. 

The use of an air bar twister device 
was first moted in an obscure and 
unsolicited Perkin-Elmer camera proposal 
submitted to the government in 1962. The 
idea lay dormant, however, since the 
proposal was never converted into @ 
contract. A diagram of the proposed 
camera is inched in the ewiates patent 
issued to Perkin-Elmer in 1969.1 

Charles (Don) Cowles, the inventor of 
the twister recalled the story of how the 
idea for the twister developed. “Initially 
(1955) I worked on a Perkin-Elmer program 
codenamed Projector Project. Later (1960) 
Perkin-Elmer was awarded a follow-on to 
that program. The equipment required alr 
bars and the engineering group I supervised 
Was assigned to develop them." 

"All skew bare isix bars} on the 
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camera system were initially fixed. When 
we first breadboarded the film transport 
system, we very quickly learned that it is 
impossible to align rollers and air bars 
accurately enough by trial ami error. It 
has to be accomplished by geometrical 
precision. Tf you want an air bar to work 
at an angle of 45° to the roller, you have 
to measure that angle to seconds of an arc. 


to within seconds, Errora must be 
corrected by actual measurement and not 
hy observing the action of the film motion 
and correcting the position of the air bar 
and rollers by trial and error. That's a long 
and bitter lesson that took a lot af 
adrenaline; bate hours, and painful 
argument to learn." 

Den Cowles and his engineers soon 
discovered that even perfect alignment 
was not the complete answer. The film 
strips were oot straight and drifted 
laterally. “We had to go to some degree of 
self~alignment and developed a pivoted air 
bar,” said Cowles. 

“Litth did we 


know what a 


A HISTORY OF THE HEXAGC 


breakthrough the piveted air bar was at 
that time. The pivet point is determined 
mathematicaliy and if the center of the 


film tracks exactly over the pivot point, 
‘there is no torque applied to the air bar 


resulting in neutral equilibrium. It's only 
when the film center moves off the pivot 
point that there is a moment generated to 
rotate the bar." Cowles also noted that if 
@ pair of air bars are used, one air bar must 
be pivoted and the other fixed. 

In 1962, Cowles was assigned to 
proposal activity, primarily in aerial 
reconnaissance cameras. “We had devel- 
aped a variety of optical configurations," 
recalled Cowles, “and were struggling to 
obtain a high duty cycle from a scanning 
type panoramic camera. A scanning opti~ 
cal system produces a 50% duty cycle since 
half the time it acans the earth and during 
the other half it scams the inside of the 
camera. In addition, it’s necessary to start 
and stop the film to eliminate waste." 

Cowles understood the action and 
geometry of the pivoted air bar. He 
realized that when the air bar rotates 


The Air Bar Twister Device 
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because the outgoing web wants to move 
laterally while the Incoming web does not, 
there is no net error generated dynamically 
in the outgoing web. Hecause of the 
selection of the pivot point, there is no 
velocity or lateral position variation 
caused by the pivoting motion. "Once this 
is fully understood," said Cowles, “it 
fellows that a pair of air bars positioned on 
the same pivot point will automatically act 
to remove the film twist put in by the first 
air bar by the action of the second air bar 
without generating any dynamic or 
tracking errors. I also realized that the 
twister could rotate a film web 160°." 
Cowles imcorporated the twister device 
into the camera proposal, but since there 
was og interest in the camera system, the 
twister concept lay dormant for the next 
two years. 

In June 1964, Cowles was assigned to 
work on the CIA parametric study and 
later on Phase I of the Fulcrum program 
(September 1964). It was at this time that 
the need for a twister device once again 
surfaced. 

During one of the conceptual 
conferences held on the Phase I Fulcrum 
program, a group of project personnel was 
discussing the problem of derotating an 
image of a rotating optical system so that 
the image could be placed on moving film 
at the focal plane. Cowles suggested that 
instead of attempting to use a massive 
prism to derotate the optical image it 
might be a good idea to “derotate* the film 
instead. This of course meant twisting the 
film a full 120° “How is this to be 
accomplished?” someone asked. "With an 
air bar twister,” replied Cowles. "When I 
dropped that idea for consideration," said 
Cowles, "it was just ike a bombshell. We 
were secking some way of combining a 
continugualy retating optical system with 
an oscillating platen and the solution was 
filed away in an obscure proposal 
somewhere in the company archives.” 

To prove the feasibility of the 
twister concept, a design layout was 
started on 12 October 1964 and a 
breadboard was constructed and tested.3 It 
was an unqualified quccess. As expressed 
in the breadboard test report, "The 
behavior of the twister mechanism was 


Hz POP-SECREF 


without fault during static and dynamic 
tests with film transport.t It may be 
successfully employed in any systein which 
requires. the direction of film travel in a 
single plane to be changed during 
transport, or during periods when the film 
is stationary. Tt accomplishes its function 
passively without introducing path-length 
changes and without disturbing alignment." 

Earle Brown, 4 staff engineer on the 
Fulcrum program, went through a process 
of elimination in the selection of a system 
configuration for the Phase I Fulcrum 
program.> A point was finally reached 
where a decision had to be made between 
an arrangement called “Turnstile 1* and 
“Turnstile 2." The first arrangement, 
Turnstile 1 required a twister, Turnstile 2 
did not. Tt was decided by Project 
Management that the Turnstile 2 configu- 
ration would be recommended to the 
customer (CLA). A full scale breadboard 
model of the system (called the “Cocktail 
Shaker") was constructed and tested. As it 
turned out, the customer had little interest 
in Perkin-Elmer's proposal and = the 
*Gocktail Shaker” was eventually dis~ 
mantled. The kindest of critics called it 
“interesting,” others called it an 
“abomination.” 

The twister device was once again 
relegated to the back shelf until March 
1965, when Perkin-Elmer was asked by the 
CIA to continue the “optical bar" design 
started by Itek. Studies revealed that the 
only way the “optical bar* configuration 
could be made to work effectively was by 
the incorporation of the air bar twister. 
The operation of the twister was werified 
in subsequent tests and included in the 
Sensor Subsystem design.® 

Prior to the Film Drive Conmept 
Review, the proposed methad of using an 
input and an output steerer was studied and 
it was decided that one steerer could be 
used as a bidirectional steerer mechanism, 
thereby eliminating one steerer. The Film 
Drive design presented at the Concept 
Review, held on 2 March 1967, included 
two drive capstans, a data chamber, a files 
marking device (hole punch), a twister, and 
associated ateucture. The estimated 
weight of the design presented was 17 
pounds (two more pownds then the design in 
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the Hexagon proposal). 

The Film Drive Concept Review was 
approved ag presented, however, the 
Agency directed the project engineer to 
concentrate hig attention on the following: 
measure breakaway force needed to move 
film if it assumes a permanent set, 
investigate the possibility of using a hole 
punch mechanism with higher reliability, 
determine the effect of short scan 
operation on the location of the hole 
punch, investigate the possibility of 
increasing film travel time prior te 
exposure, and determine LE a problem 
exists in flexing the control cabling at the 
low sas, ae encountered during the 
CSS Othe | 

In May 1967, the Agency instructed 
the project engineer to proceed with design 
studies for a film marking device (later to 
be called enmd-ofrun marker). Thirteen 
concepts were under consideration at the 
tine. However, maximum effort was te be 
expended on concepta not relying on a 
“punch” device since failure of this type of 
echaiques and an approach which limited 
the wariety of parts that could be used on 
the system." 

. The efforts of all the functions in a 
reliability department are directed ta the 
production of a rellable system. These 
efforts are reflected in a reliability 
number (from zero to one) which is weed as 
a measuring tool “However, we didn't 
make it a numbers game," sald Karachuk. 
“We emphasized the design support alysis 
backing up the decision to remove the 
steerer. 

On 28 August 1968, the Critical 
Design Review was presented and approved 
by the customer.? The weight of the unit 
(18% pounds) was well within the budget 
established at that time. 

The “punch” dewice for marking the 
film was abandoned in favor of a noan- 
contact optical method. 


Platen Assembly 


The Platen Assembly is perhaps the 
most critical functional unit in the Sensor 


since it siust accurately 
position the film in the focal plane as the 
iiagé ia expaded on its aurflace. 


Design effort on the Flaten Assembly 
began in the summer of 1965. Since it was 
“buried” im one end of the Optical Bar 
Assembly, the biggest problem faced by 
the design engineers assigned to this task 
Waa packaging the many platen components 
and subassemblies in a amall volume of 
space. The Platen design went through 
several wersions and modifications pricr to 
the design submitted in the Hexagon 
proposal in July 1944. 

Soon after the award of contract, a 
workshop session was held (2 November 
1966) to discuss the platen image mation 
compensation serve problem and establish 
a course of action leading to its solution.! 
Tt was decided that SETS was to continue 
pursuing a cam drive design and FPerkin- 
Elmer was to investigate the use of gas 
bearings, devise a aystem to isolate the 
platen from the main bearings during film 
exposure, and build and test a servo 
breadboard consisting of a simulated platen 
mounted in commercial grade bearings, 
with an appropriate torquer, feedback 
transducers and electronics. 

On 6 January 1967, a concept review 
of the platen bearing arrangement was held 
to determine which of three mechanical 
arfangements presented at the meeting 
would be adopted. The final decision was 
to locate the platen bearing in the Optical 
Bar Assembly and react the torquer against 
ground (frame structure). 

Investigation of gas bearings for 
application in the Platen Assembly was 
terminated in January 1967 because of the 
reliability factors involved and the need 
for large amounts of gas. It was also 
decided that the torques produced by the 
large diameter ball bearings mounted in 
the Optical Bar Assembly were well within 
the capability of the platen servo. 

A Preliminary Flaten Concept 
Review was held on 13 January 1967.4 The 
Juirpose of the meeting was to update the 
customer on Perkin-Elmer’s progress on the 
Platen and review SETS’ activity on the 
cam drive. 

In the initial stages of the Platen 
design, an effort was made to avoid the use 
of beryllium. It was sown apparent that 
this would sot be possible. The estimated 
weight of the Platen Assembly sted in the 
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Hexagon proposal was 10 pounds. By 
February i967, the weight had increased to 
34.9 pounds, and during a technical review 
held in March 1967, it was revealed that 
the proposal weight was unrealistic and 
that a weight reduction program would be 
initiated to lower the Platen weight which 
at that point in time had creeped up to 
37.7 pounds.® The weight of the platen 
was eventually reduced to 35 pounds. 

On 5 May 1957, a Platen Assembly 
Concept Review was presented and 
approved.“+! The three concerns voiced by 
the customer at that time was lubrication 
of the platen bearings, the availability of 
the platen serve test results, and the 
affects that pressurization of the Sensor 
Subyetem would have on the platen. 

Tn June 1967, a meeting was held to 
review the two methods of obtaining image 
motion campensation in the Sensor 
Subsystem. Both Perkin-Elmer’s and the 
SETS approach were discussed. The 
Agency decided to go with the Perkin- 
Elmer servo design and terminate SETS 





cain. approach.} 

As the Platen design progressed and 
breadboards were constructed ta test the 
feasibility of the designs, problems began 
to surface. Eath waa taréfully analyzed 
and the mechanisms were either modified 
or completely redesigned. For example, in 
August 1967, test results of the shutter 
produced consistent failures. Regardless 
of the corrective measures employed, the 
failures continued. A new design was 


undertaken which was superior ta the 
original design.? 
a 7 February 1968, the Platen 


Assembly Preliminary Design Review was 
held and the final design approved. Platen 
drawings were released for the mr rig 
ani Development Models in April 1968.10 
Seven months later, the Flaten Assembly 
Critical Design Review was presented to 
the customer, and after the campletian of 
some action items imposed by the 
customer, Perkin-Elmer received approval 
to release the drawings to the production 
department.1} 


Platen Assembly Componaits 
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Supply Assembly 


The coarse film transport system 
includes all fumctional units thal operate at 
a nominally constant speed during 
photography and recycle. These inchide 
the Supply Assembly, the Looper Assembly, 
the Film Path Components, and the Take- 
Up Assembly. Film is unwound from the 
Supply Assembly at a constant fate, 
transported through one aide of the Looper 
Assembly to the fine film transport system 
(Film Drive and Platen Assemblies), re- 
turned to the other side of the Looper 
Assembly, and transported at a constant 
rate to the Take-Up Assembly. 

The Supply Assembly supports, pro~ 
tects; and drives the film supply for both 
the forward-looking camera and the aft- 
looking camera. Each supply reel carries 
104,000 feet of é.6-inch wide Type 1414 
film and weighs 890 pounds. The major 
components of the Supply Assembly are? 
core assembly, primary support structure, 
moter brake, caging assembly, pressure 
enclosure, film exit vestibule, and servo 
electronics. 

Early in the Sensor Subsystem design 
development phase (May 1965), the axis of 
the Supply Assembly was parallel to the 
launch vehicle roll axis. This configuration 
was presented in Perkin-Elmer’s Hexagon 
proposal (July 1966). 

At the time of contract award, a 
Supply Assembly design layout existed 
bused on a 2000-pound film load and 
information in the Sensor Subsystem Per- 
formance Specification Book.! A revised 
performance specification was received on 
24 October 1966 which initiated a change 
in the design concept of the Supply 
Assembly. This change caused a consider- 
able weight increase. A study was 
conducted to determine the impact of the 
new specification on the proposed Supply 
Assembly design. OF the nine design con- 
cepts developed, an arrangement with the 
spool axis parallel to the launch vehicle 
pitch axis was recommended.? Lack of 
confirmation on film density and thickness 
led to confusion in the caleulation of the 
overall dimensions of the Supply 
Assembly.4 

Design work continued on the Supply 


Hz TOP SECRET 


Assembly and on @ March 1967 a Concept 
Review was held. However, because of an 
overweight condition, the Concept Review 
was mot approved. The estimated weight 
of the Supply Asembly in the Hexagon 
proposal was 500 pounds. The design pre« 


mated at 846 pounds. A weight reduction 
study was started and revealed that very 
little weight could be eliminated unleas the 
flanges were omitted. This left only two 
choices for a weight decrease of 200 
pounds; the first arrangement was with the 
spool axig parallel to the roll axie of the 
vehicle, the second with the apool axia 
parallel toe the pitch axis of the vehicle.? 
The study showed the latter tao be the 
lighter design. 

The next Concept Review on the Sap- 
ply Assembly was held on 27 April 1967. In 
the configuration presented, the Supply 
Assembly axis was parallel to the vehicle 
roll axis. An altermate approach was also 
presented with the supply axis aligned to 
the vehicle pitch axis. This design was not 
considered acceptable because it projected 
into space reserved for the Obiting 
Command module in the aft section of the 
vehicle. The Concept Review was 
approved and the design continued. By 15 
May 1967 the Supply Assembly weight was 
reduced to 740 pounds. 

In August 1967, in response to a 
request from the customer, Perkin-Elmer 
submitted a proposal for a Supply Assembly 
oriented with its axis of rotation parallel 
te the vehicle pitch axig. fs 


Film Supply Assembly 
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In December 1967, a customer deci~ 
sion was made to reorient the reference 
supply design with the spool axis parallel to 
the wehicle pitch axis. Although this 
change did not affect the overall design of 
the Supply Assembly developed to this 
point, engineering time had to be spent 
analyzing changes to accommedate the 
supply reorientation leg. film exit 
locations, loading changes, etc.). The al- 
lowable weight at this point was 770 
pounds and the estimated weight was 795 
pounds. 

A. year later, the Supply Assembly 
PDR was presented (21 February 1968). 
Gonsiderable time was spent discussing the 
effects of film splices on the edge sensors, 
the selection of the structural material, 
the relationship of the film winding 
procedure to the core design, and the 
pressyure-venting~condensation relationship 
in both ascent and normal operating 
conditions. At the conclusion of the 
review it was agreed that areas requiring 
particular emphasis in the next phase of 
design were the caging arrangement, the 
overweight problom, the core design, the 
condensation problem, and the over-budget 
The allowable weight 


reliability problem. 
of the Supply Assembly at this time was 
823 pounds and the estimated weight was 
851 pounds.? 

The next five months were spent 
comlucting tests and preparing drawings 


for the Critical Design Review. On 20 
June 1968, the 50-inch diameter film stack 
unierwent an acceleration test. It was 
firat subjected to a 1.0g acceleration for a 
duration of 120 seconds ta check out the 
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operation of the centrifuge, the instru- 
ments, and the recording equipment. The 
film stack was then subjected to both 4.4g 
test and an 4.0g test, both for a duration of 
120 seconds. Some residual deflection 
occurred at the §.0¢ test.! 

The Supply Assembly CDR was fi- 
nally held on 25 November 1968.1! The 
project engineer opened the CDR with a 
discussion of the areas redesigned since the 
PDR and then reviewed the functional 
specifications of the Supply Assembly. 
inconsistencies between, the functional and 
the design specifications were immediately 
pointed out by | 
representative), The areas of concern 
were the rewind stacking and film tension 
specifications. 
cording secretary to document this as 
“highly irregular® and then recessed the 
COR for a caucus with customer represen- 
tatives attending the review to decide 
whether to continue the meeting. a 
acting as spokesman, reconvened ¢ 
and requested that the meeting continue as 
outlined by the agenda contingent upon 
agreement that copies of the fully 
approved Functional and Design Specifica+ 
tions were delivered to the customer by 4 
December 1968. The project engineer of 
the Supply Assembly agreed to this 
requirement. 

The CDR continued without further 
problems and after responding to a number 
ef action items, Perkin-Elmer received 
approval for the Supply CDR. The esti- 
mated Weight at CDR was 865.7 pounds 
and the allowable weight was #60 pounds. 
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Leoper Assembly 


The function of the Looper Assembly 
is to store sufficient film before and. after 
exposure to accommodate the intermittent 
film motion in the Blaten Assembly in 
combination with the continuous film 
motion at the Supply and Takeup 
Aseernblies. The Looper Assembly consists 
of three basic subaszembliest the frame 
and mounting structure, the carriage, and 
the tension sensor. An initial configuration 
of the Sensor Subsystem in a May 1965 
study shows the Looper Assembly posi- 
tioned behind the Optical Bar Assembly. 
As the design progressed, the Looper 
Assemblies were mowed tao the Frame 
Support Assembly. 

The layouts and breadboard tests 
started before the award of contract were 
presented at a Looper Assembly Concept 
Review held on 23 February 1967. 
However, the review was regarded as a 
“preliminary” concept review because the 
functional specifications, the control sys- 
tem requirements, and the structural 


analysis were not sufficiently defined or 


complete. 

The Looper Assembly Concept Re- 
view was rescheduled to 4 May 1967. The 
design and supporting documentation pre- 
sented at this review was more detailed 
and the Concept Review was approved with 
certain reservations.6s3 

Throughout its design, the Looper 
Assembly was affected by changes in other 
parts of the Sensor Subsystem. The film 
path configuration determined to a large 
extent the position of the Looper 
Assemblies an the Frame Assembly. 

Progress on the Looper Assembly 
continued and a PDR was scheduled. 
However, it was delayed by Perkin-Elmer 
because fundamental questions existed on 
the basic requirements. A letter from 
(«Ws Beeserer, Manager of the SETS 
organization, contained a critique of the 
Leeper PDR. Design Package submitted to 
the customer on 13 July 1967.4 It was 
unfavorable and mentioned that if the PDR 
had not been delayed by Perkin-Elmer, 
SETS would have recommended the delay 
because the PDR Design Package was 
inadequate: 
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The Looper POR was rescheduled to 


26 September 1967 and once again was 
reviewed by SETS. Thelr response left 


. little doubt of SETS’ disapproval of the 
‘quality of engineering werk on the Looper 


design. A major portion of the Besserer 
memo discussed the philosophy of formal 
design reviews and the requirements of « 
properly prepared design review package 
supporting a PDR.° 

Regardless of SETS’ dissatisfaction 
with the Looper PDR Package, the POR 
was held on the scheduled date.6 At th 

lusion of the Looper PDR, 

customer representative, noted 

that the initial concern about the readiness 
for a Looper PDR expressed by SETS was 
precipitated by an evaluation of the PDR, 
package and that the Looper POR 
presentation answered moat of the quea- 
tions. He suggested that future PDR 
Design Packages contain as much of the 
available material as possible rather than 
reserving it for the PDR presentation. 

In a letter dated a few days later, 
Don Patterson supported this view and 
made suggestions which would prevent the 
repetition af the confusion caused by = 
incomplete PDR Design Package.’ 
Approval of the Looper PDR was deferred 
by Don Patterson until a system trade-off 
eould be accomplished based on new 
information regarding additional frames of 
photography required for cycling the film 
through the forward-looking camera. In 
addition, he listed items that represented 
areas of concern. These included the need 
for additional analysis of the launch 
survival of the coarse tenalon aeinainla poaller 


complete thermal — analysis, and the 
addition of performance requirements in 
the Looper Degign Specification. On 15 
November 1967, EK. W. Patrick, General 
Manager of the Optical Tachnology 
Division, forwarded a technical report 
which completed Perkin-Elmer's response 
to all of Patterson's requirements.” Final 
approval of the Looper POR was received 
on 28 November 1967.7 

Detailed design of the Looper 
Assembly continued in preparation for the 
GOR. However, the Looper design was 
impacted by additional changes outside of 
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Looper Assembly 


its envelope. Rearrangement of the film 
path and the films steerer components and 
modifications of the Frame Sapport 
Asseobly created problems for the Looper 
designers. An added system requirement 
for short scan photography resulted in a 
looper carriage imbalance. The Looper 
cover required mumerocus changes because 
of fabrication difficulties and a change to 
a pressurized film path. In July 1967, the 
looper designers had to respond to yet 
another change due to the replacement of 
the air-bar steerer by an articulated 
steerer design. Incorporation of the new 
steerer design required a change to the 
looper structure, the upright supports, and 
the cower. 

These changes, however, improved 
the ewerall design and reliability of the 
Looper Assembly and by the time the 
Leoper CDR was presented on 15 





November 1968, the unit was generally 








simplified.) Although the customer 
approved the e concerns were 
expressed by who felt that 





there were limited tests on the Looper 
design amd that the differences belween 
the Engimecring Model and Development 
Model Looper designs were significant. He 
believed that this would undermine 
confidence in the Looper performance until 
the Development Model Looper was tested. 
There was also concern that the reHability 
estimate did not meet budget allocations. 
The total weight of the Looper Assemblies 
at CDR was Tl pounds. The proposal esti« 
mate of July 1966 was 40 pounds. It must 
be pointed out that in addition to carrying 
components of included in the proposal 
estimate, looper requirement changes were 
algo responsible for a large portion of the 
increased weight. 
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Looper Agsernbly (SV-1 through SV-16 Configuration) 
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Film Path Assemblies 


The Film Path Assemblies perform 
two functions; they provide guidance and 


between major functional assemblies, and a 
pretective enclosure to prevent film 
exposure, damage, or Unacceptable envi- 
ronmental conditions. The basic compo= 
nents of the Film Path Assemblies are air 
bars, rollers, and steerer mechanisms. 


Air Bars 


The most critical element im the 
Sensor Subsystem is the air bar. 
Development of this important element 
began in 1960 whem Dr» Rederic M. Scott; 
Chief Engineer of the Reconnaissance 
Branch in the Electro-Optical Division, 
suggested the use of alr bars for supporting 
film: in an ongoing program: He was aware 
of the use of air bars in the paper industry 
in the production of paper rolls, and also by 
the Eastman Kedak ‘Company to transport 
wet film in the coating process. However, 
these applications used a great amount of 
air at high pressures to lift the transported 
material. 

Charles D. Cowles, supervisor of the 
mechanical group on one of the programs 
managed by Dr. Scott, was assigned to 
develop the air bar. Cowles, and a few of 
the engineers im his group, began to 
experiment with what were initially called 
“air rollers" in an application requiring low 
pressure and a limited amount of air 
supply. The group tried various approaches 
with little success. 

De. Kobert E. Hufnagel, a staff 
engineer, was asked by Dr. Scott to spend 
some time on the air bar problem amd 
recommend a new approach. During a visit 
to the laboratory, which at that lime was 
in the Connecticut Avenue plant in 
Norwalk, Dr. Hufmagel observed the air bar 
experiments. Hufnagel recalled that, 
“They were simply round bars with some 


holes drilled into them. During the tests,. 


af attempt was made to transport film 
ever the air rollers but the film edges 
scraped on the air roller surface and the 
air rollers just couldn't Hft the fle 
without a horrendous amount of air flow. 



















































































Original Computations of Air 

Bar Design from Dr. Robert £. 

Hufnagel's Engineering Notebook 
In fact," commented Hufnagel, “Tm not 
sure if the engineers ever got the round air 
rollers to lift the film at lower pressures.” 

The air roller was 4 great idea — 
except it wasn't working," said Hufnagel. 
"I gave it some thought and my first entry 
in my engineering notebook on 4 April 1960 
was a basic equation for fluid flow. Tt was 
clear that the equations were too 
complicated and that I would aot be 
successful with that approach. Later on 
that same day, I recorded some general 
thoughts on the essence of a solution to the 
air roller problem. At that time [ was Bot 
even addressing the “skew” problem but 
just trying to transport film over an_air 
roller, or “air bar” as I chose to call it."¢ 
By 6 April, Hufnagel had developed 

the profile of the air bar and determined 
the radius of curvature, the thickness of 
the air cushion {0.0012-inch), and the air 
flow (0.95 ft? per minute). The unusual 
profile (D-shaped} and the porous material 
isintered) of which it waa first fabricated, 
made it difficalt to produce, except at high 
rejection rates. The original theory was 
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Conceptual Drawing of Air Bar Profile 


based on uniform porosity of the air bar 
and not a bole pattern. By 5 May 1960, 
Hufnagel and the engineers soon realized 
that it didn't make amy difference. The 
most important factor was the alr bar 
contour and that the radius of curvature of 
the air bar surface continually increased as 
it approached the edge. 

The orifice size selected was a 
6.005~inch hole based on the minimum size 
which could be drilled by conventional 
methods. Hole patterns were varied and 
extra holes were added during development 
testing to achieve adequate lift under the 
specified conditions. 

When trouble was experienced in 
producing holes to the required tolerances, 
ingerts were designed which could be 
precision machined and cemented inte 
eounterbored cavities at the hole locations. 

The ale bear design fulfilled the 
requirements of the program. Air bars 
were weed in place of rollers in applications 
where the arrangement of the film 
transport caused the film to take a helical 


path arounsd the air bar, thereby 
accommeadating any lateral motion without 
friction. 

When Parkin-Elmer entered Phase I 
of the Fulcrum program, it was necessary 
to produce a full size model of what was 
called the "Cocktail Shaker." Cowles was 
assigned to develop the film transport for 
the system and used air bars in several 
locations of the film path that required 
“skewing” or film directional changes. This 
activity provided additional experience in 
air bar production and use. 

In support of the proposal for Phase I 
(January 1965), air bar tests were 
conducted to determine the characteristics 
of the air bar design. The tetal aystem 
consumption was 895 pei of nitrogen in a Z 
ft? volume at a pressure of 1.75-inch of 
mercury in the air bars. It was noted that 
a smnall change in any of the parameters 
{flow rate, supply pressure, ambient 
pressure, etc.) caused the film to either 
deag on the air bar or vibrate violently. At 
best, the air bar was a marginal component 
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that worked within a very narrow set of 
eonditions.7+4 

During the period in which Perkin- 
Elmer was investigating the advantages 
and disadvantages of the F* and M’ systems 
(July 1965), Cowles wrote a one-page 
technical report forecasting the gas 
consumption for the alr bare in beth 
systems. In it, he referenced the 
breadboard tests conducted during the 
preparation of the Phase I Fulcrum 
proposal submitted to the customer in 
January 1965. The characteristics of a 
“sample bar" were listed. 

The importance of the air bar was 
emphasized in Perkin~Elmer’s Hexagon pro- 
posal (July 1966), which stated that 
exhaustive experimental and development 
work was carried on to develop the air bar 
on @ previous program and that the 
component was “thoroughly proven.” While 
it is true that the air bar worked 
suceessfully on a previous program, it did 
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so under a specific set. of conditions (low, 
eéongtant epeed with no reversals or start 
and stops}. The application of an air bar to 
the requirements of the Hexagon Sensor 
Subsystem proved to be a most difficult 
atel perplexing problem. 

Soon after the award of the Hexagon 
contract (February 1947) a Concept 
Review was held te approve the general 
configuration of the alr bar. As a result 
of this meeting, tests were plasmed te 
accomplish the following: continue analy- 
sis to verify the optimum contour, analyze 
flow rate for film flotation, determine 
flow rate at epecific velocities, and 
analyze structural and vibration character- 
istics of the air bar.’ A teat in October 
1967 determined the flow rates (under 
static conditions) for typical air bars of the 
skew, twister, and steerer types. 

Dynamic air bar performatice, te that 
point in time, was evaluated only by 
ataerving the operation of steerers and 


1. Capacitance Edge Guide Sensor; 2. & 3. Spew-Type Air Bar; 4. In-Line Air 
Bar Assembly; 5. Twister Air Bar; 6. Experimental Test Fixture; 7. Twister 
Air Bors: 8. Scew Air Bor; 9. & 10. Self-Aligning Alr Bar Assemblies 


BP 007-0253-85 
HANDLE VIA BYEMAN 
CONTROL SYSTEM ONLY 





























Approved for Release: 2016/12/07 C05096580 
































Approved for Release: 2016/12/07 C05096580 


NRO APPROVED FOR 
RELEASE 17 Seplember 2014 


other assemblies which used air bars. What 
was needed waa a apecial apparatus to 
measure film lift at numerous points over 
the alr bars. This device . could 
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of the air bar be attempted te more clearly 
unlerstaml the characteristics of alr bar 


op ‘eT ation.! 
Twister Assembly tests on the film 


demonstrate the effects of changing the:./patlisimulator and the abbreviated film 


number and/or pattern of holes. It could 
determine the uniformity of film lift under 
all conditions of film speed, tension, film 
type, gas pressure, etc-).? 

in December 1967, the new air bar 
tests were completed.!@ The experiment 
was designed to measure the relative force 
required to transport film over two air bars 
(steerer type) under conditions of maxi- 
mum film tengion and various nitrogen 
pressures. Under certain conditions of 
operation, emulsion buildup (or scabs} 
developed on the air bars. It was known 
prior to the tests that scabs were 
frequently discowered on air bars used in 
film tramsport experiments on the test 
beds. Further tests were recommended to 
isclate the cause of the "scabbing.* 

The design of the air bar continued 
based on the latest test results. It was 
decided to ¢liminate the inserts and drill 
the O©.005-ineh diameter hole directly in 
the air bar extrusion.t1 A test to 
determine the coefficient of friction of the 
air bar surface was conducted in April 1968 
and film lift measurements were made in 
May 1968 resulting in a slight modification 
of the air bar design.'413 But the 
problem of “scabbing" air bars did not go 
away. In July 1968, the Film Drive project 
engineer reported that tests were 
hampered by occasional emulsion buildup 
on the ateerer air bars. 

The problem of emulsion buildup on 
the air bars occurred more frequently and 
finally summed up in the August 1968 
Monthly Technical Report.'> "Emulsion 
buildup on air bars has been a continuing 
problem on the test bed steerer air bars 
and the cause for it: on these bars. has not 
yet been isolated. Emulsion buildup also 
occurred on the twister air bars during the 
initial teste; however, if seems to have 
been alleviated by correcting the angle of 
approach of the film on the air bar (from 
negative to positive angie).” 

Meanwhile SETS, disturbed by the 
many reports of air bar problems, 
recommended that analysis and modeling 


a 


path began to highlight a new alr bar 
problem. Local drying of the film in the 
region of each of the air bar holes caused 
furrow-like corrugations on the length of 
the film.17 

By January 1969, it was becoming 
apparent that a serious problem was 
developing on ome of the most critical 
components in the Sensor Subsystem and 
that 4 Systematic test to completely 
understand the operation of the air bar was 
absolutely mandatory. A development test 
plan for the air bar was written 17 January 
1969.18 

In @1 March 1969, an attempt was 
made by the Perkin-Elmer System 
Engineering Group to obtain a qualitative 
picture of air bar operation. A flux 
plotting technique was used to simulate 
flow patterns for several alr bars. SETS, 
in the meantime, issued a final report on 
Air Bar Mathematical Modeling (May 
1969).20 Although both of these analyses 
were interesting, they bad little practical! 
value in solving the air bar problem. 

The new Perkin-Elmer air bar 
development program (started in January 
1969) began to show results in Jume 1969. 
The use of teflon coatings and the addition 
of grooves held «a great deal of 
promize.©*s The tests verified a basic 
fact of air bar operation — the edges of 
the film will always ‘contact the air bar 
surface regardiess of the hole pattern 


Sketch of Improved Air Bar Design 
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Various Air Bor Groove Patterns Developed During Experimental Tests 


By 1970, the air bar problem was 


resolved. Tests proved that the air bars 
would work effectively if a filter was used 
to prevent hele clogging and if hole and 
groove patterns were selected for each 
particular application of the air bar. The 
grooved patterns reduced wrinkling caused 
by impingement of the dry gas on the film 
ani provided a more uniform gas suppart 
under film. The use of a teflon coating 
Was, of course, mandatory to prevent 
emulsion buildup, Because of inherent film 
curl, the edges of the film could not be 
lifted unless air pressure and supply 
requirements were exceeded. 

in retrospect, It appeara that the air 
bar problem was too complex to be solved 
mathematically. It required over two and 
one-half years of engineering effort to 
design a workable air bar for Hexagon 
Sensor Subsystem mission requirements. A. 
solution was finally achieved by 
concentrated testing and observation using 


flight-designed air bars. 

The lesson to be learned from the 
"air-bar® story is not to permit a 
component to jeopardize the success of a 
major program by accepting ite use in the 
equipment without adequate analysis and 
testing under the required operating 
conditions. 


Rollers 


A second component of great impor 
tance te the Sensor Subsystem film 
transport is the roller. A reference to 
rollers was made in a supplementary report 
written In support of the Phase [ Fulcrum 
proposal in January 1965.*4 "“Coaventional 


precision lightweight rollers with Integral 
low friction bearings. Each roller will be 
mounted with Hts axis precisely normal to 
the direction of web travel so that there is 
pure rolling contact." 
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Although this critical element was 
used in 186 locations (SV-1 configuration) 
throughout the Sensor Subsystem (94 
rollers in the "A" film path and 92 im the 
"B* path), little was noted in the Perkin- 
Elmer Hexagon proposal (July 1966) 
relating te roller design. Perhaps it was 
asgumed that this clement would create no 
difficulty since Perkin-Elmer had success- 
fully designed rollers for other programs. 

Prier to award of the contract to 
Perkin-Elmer, & project memorandum 
noted the progress that had been made in 
this area (roller design).29 ‘As a result of 
the many inputs to the program, there now 
exist design layouts and drawings of a large 
variety of rollers. it is strongly 
recommended that a study be made of the 
various designs to establish a minimum 
number of types and sizes ta be used in the 
final equipment." 

Among the many factors to be 


considered were material (beryllium sug- 
gested), mounting method (inclusion of a 
labyrinth seal to inhibit dirt and lubricant 
evaporation), and roller size and shape. 
Apparatus which was designed and built at 


that time to measure roller character- 
istica, however, was cannabalized to 
expedite construction of the Film Path 
Simulator and had not yet been replaced. 
By February 1967, a “standard” roller 
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assembly design was developed for the 
Hexagon Sensor Subsystem.2627 A 
diameter of 0.000-inch was selected for all 
tollare in the film path with the exception 


‘ofthe 0.370-inch diameter rollers used at 


the focal plane which had special 
requirements {angle of wrap, higher 
precision, limited space, atc.,). 

The 0.600-inch roller diameter 
provided a safety factor abowe the 
minimum bending radius of UTE and STE 
film. The roller and bearing designs met 
the requirements of minimum inertia, 
minimum friction, an internal labyrinth 
seal for lubrication retention and dirt 
exclusion. The roller assemblies were 
divided inte three classes (bearing 
precision) and several categories based on 
application (width, load, ete). 

Studies were initiated to determine 
the frictional effects of various protective 
finishes and breadboard testing was 
conducted to select a lubricant meeting 
system operation requirements.“ 

A standard mounting for the roller 
assembly was developed by July 1967 and. 
included a wave spring washer and an oil 
reservoir (pad) te reduce lubricant 
migration andl outgassing and serve to 
provide additional protection from film 
particles.©? 
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Roller development test plana were 
completed in September 1967 and outlined 
ten seperate tasks to verify roller 
properties and design.29 A month later a 
partial 3 pment of beryllium rollers was 
received?) As a result of the information 
obtained from completed roller tests, 
vendor consultation, and system servo 
analysis, the roller design was modified. 
The bearing outer ring was reduced from 
O.625-inch diameter to 0.375-imch to 
increase the width to outside dlameter 
ratio thereby reducing the possibility of 
bearing “hangewp" during launch vibra= 
tion.3 : 

Roller drawings were approved and 
released for production by February 1968. 
Tests on the rollers, however, continued 
and roller assembly characteristics for 
eight different film path applications were 
determined.?4 Completed roller assem-< 
blies were incorporated into various 
breadboards and simulators by June 1968 — 
and then it happened.24 The first roller 
failure occurred on the Film Path 
Simulator, followed by four roller failures 
om the Abbreviated Film Path Simulator. 
Stub shafts on the roller assemblies were 
snapping off. The failed rollers were 
examined to determine whether the 


failures were caused by impact or fatigue 
and ik was soon discovered that impact 
loading was the cause of all the failures.?5 

Several factors had contributed in 
lowering the impact properties of the 
beryllium rollers. 


These included highly 





Side View of Beryllium 
Shaft Fracture (3.5%) 








idg 





End View of Beryllium 
Shaft Fracture (10X) 


stressed material, eurface porosity, surface 
defects caused by machining, and poorly 
machined undercuts om the stub shafts 
Measures were taken to correct these 
deficiencies. 

A data and application Met relwaged 


in March 1969 identifies ten roller 
designs.36 By selecting the proper 
combination of roller and stub shaft 
material (lockalloy, stainless steel, 


aluminum, or beryllium) it is now possible 
to design a roller assembly tailored to 


meet any requirement on the Sensor 
Subsystem. 
Steerers 

The third film path component 


critical to the operation of the film 
transport system is the steerer mechanism. 
Previous to the Hexagon Sensor Subsystem, 
cameras developed at Perkin-Elmer relied 
on passive film transport systems requiring 
enly the precise aligument of film 
supporting rollers. Charles D. Cowles, the 
inventor of the “twister”, recalled the 
transition to active steering systems. 

“As a result of or experience on a 
previous program, we learned that there is 
a limit as to how far you can go without 
active steering. We thought we might be 
able {6 use & passive steering system on 
Phase lof the Fulcrum program, but I was 
never convinced that we could. We hicked 
out with a passive film transport system on 
the previous program, and we did have our 
problems, but it was as far aa we could go 
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without active steering.” 

As Perkin-Elmer engineers began 
working on Phase I of the Fulcrum 
program, it became apparent that«active 
ateering would be required. The Phasé I 
fulcrum proposal (22 January 1965) 
included a reference to film transport 
guidance33 "To provide for accurate 
placement of photographic data relative to 
the width of the film, and ta increase the 
control of IMC, a closed loop edge 
guidance system is located at the entrance 
to the shuttle platen. The lateral 
displacement means required for steering 
and shuttle motion for IMC is ideally 
furnished by simple displacement of the 
skew (air) bar which feeds the shuttle.” 

Although initial reports and 
presentations published in May and June 
1965 do not refer to any steering devices 
for film guidance, a sketch presented in a 
meeting in September 1965 shows the 
location of “steerers" at the entrance te 
the platen and the re-entry vehicles.29»49 

A Design Review Package sent to the 
CIA by Perkin-Elmer (12 November 1965) 
contained a reference to film transport 
devices.41 "Control components which 
eenter the film web without resort to 
flanges anywhere in the system are 
included. Active or passive control is 
necessary only to provide long-term lateral 
atability of position. Lateral drift rate will 
be adequately limited by designing ta take 
advantage of the smoothing effect of 
rollers." 

in a customer presentation, held on 9 
December 1965, a viewgraph waa shown 
referring to an experiment on steerers.42 
The objective was to develop a passive 
steering system using “Lorig™ aligners, 
crown rollers; and pivoted roller devices. 

Throughout 1965, Perkin-Elmer engi« 
neers vacillated batween the use of air 
bare fusing a closed loop edge guidance 
system) and a passive roller arrangement 
that made use of shaped rollers or self~ 
aligning pivoted rollers. But by May 1964, 
the emphasis seemed to be on passive 
steering devices. 

A project memorandum, dated 13 
1966, described experiments on 
conical, ani pivoted roller 


May 
tapered, 
arrangements for film path guidance.45 An 
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analysis of the geometry of the crowned 
roller wag reported in a memorandum 
dated 9 June 1966.44 A few weeks prior to 
the submittal of the Perkin-Elmer Hexagon 
ropeca July 1966, a project 
memorandum describing film steering 
cylindrical rollers was published on 16 June 
1966.45 

The steerer approach finally 
recommended in the Perkin-Elmer Hexagon 
proposal, however, was based on the use of 
air bars and edge guidance sensors.45 The 
proposal dismissed the use of film guidance 
rollers. “If flanges, crowned rollers, or 
other brute force methods are used to 
control tracking, film can be damaged and 
system performance affected resulting in 
loss of information." 

Investigation of active {air bar) 
steering devices began soon after the 
award of contract (10 October 1966).47 
However, the proponents of the film 
steerer devices using pivoted rollers were 
still undaunted.*4 The first Sensor 
Subsystem Monthly Technical Report 
refers to this activity.4? "Concurrently 
with the work on the servo controlled (air 
bar) steering units, a low priority effort 
has been put on the development of a 
purely mechanical (self-energizing steerer 
roller) device.” Although thie was the last 
reference in the monthly reports on steerer 
rollers, the advocates of this approach 
once again tried to stimulate interest in a 
passive steerer approach.?9 "The film 
guidance philosophy expressed in the 
proposal (Hexagon) amd presently being 
used, requires high precision of 
manufacture and alignment of the entire 
system. This memo recommends a relaxa~ 
tion of this philosophy which could well be 
applicable to the major part of the system 
and permit considerable relaxation of 
manufacturing and alignment tolerances. 
Tt is further recommended that active 
stepa be taken to explore the possibilities 
of employing guidance devices which do 
pot require air bars." The memorandum 
continued with a discussion of crowned 
rollers, free-pivoted rollers, and controlled 
pivoted rollers. 

A report written by the customer's 
consultant (SETS) on 23 May 1967 discusses 
ah analysis which was performed to 
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without active steering.” 

As Perkin-Elmer engineers began 
working on Phase I of the Fulcrum 
program, it became apparent that<active 
steering would be required. The Phasd I 
fulcrum proposal (22 January 1965) 
included a reference to film transport 
guidance "To provide for accurate 
placement of photographic data relative to 
the width of the film, and to increase the 
ecantrol of IMC, 4 closed loop edge 
guidance system is located at the entrance 
to the shuttle platen. The lateral 
displacement means required for steering 
and shuttle motion for IMC is ideally 
furnished by simple displacement of the 
skew (air) bar which feeds the shuttle.” 

Although initial reports and 
presentations published in May and June 
1965 do mot refer to any steering devices 
for film guidance, a sketch presented in a 
meeting in September 1965 shows the 
location of “steerers" at the entrance to 
the platen and the re-entry vehicles.27740 

A Design Review Package sent ta the 
CIA by Perkin-Elmer (12 November 1965) 
contained a reference to film transport 
“Control components which 


devices. 1 
center the film web without resert to 


flanges anywhere im the system are 
included. Active or passive control is 
necessary only to provide long-term lateral 
stability of position. Lateral drift rate will 
be adequately Hmited by designing to take 
advantage of the smoothing effect of 
rollers.” 

In. & customer presentation, held on 9 
December 1965, a viewgraph was shown 
referring to an experiment on steerers.4¢ 
The objective was to dewelop a passive 
steering system using “Lorig® aligners; 
crown rollers, and pivoted roller devices. 

Throughout 1965, Perkin-Elmer engi- 
neers wacillated between the use of air 
bars fusing a closed loop edge guidance 
aystem) and a passive roller arrangement 
that made use of Shaped rollers or self- 
aligning pivoted rollers. But by May 1966, 
the emphasis seemed to be on passive 
steering devices. 

A peoject memorandum, dated 13 
May 1966, described experiments on 
tapered, conical, and pivoted roller 
arrangements for film path guidance.*4 An 


analyaia of the geometry of the crowned 
roller was reported in a memorandum 
dated 9 June 1966.44 A few weeks prior to 
the submittal of the Perkin-Elmer Hexagon 
“peopesal in July 1966, a project 
memorandum describing film steering 

cylindrical rollers was published on 14 Jone 
1966.45 

The steerer approach finally 
recommended in the Perkin-Elmer Hexagon 
proposal, however, was based on the use of 
air bars and edge guidance sensors.45 The 
proposal diemissed the use of film guidance 
rollers. “If flanges, crowned rollers, or 
other brate force methods ara used ta 
control tracking, film can be damaged and 
system performance affected resulting in 
leas of information." 

Investigation of active (air bar) 
steering devices began soon after the 
award of contract (10 October 1966).47 
However, the proponents of the flim 
steerer devices using pivoted rollers were 
still undaunted.48 The first Sensor 
Subsystem Monthly Technical Report 
refers to this activity.4? "Concurrently 
with the work on the servo controlled {air 
bar) steering units, a low priority effort 
has been put on the development of a 
purely mechanical (self-energizing ateerer 
roller) device." Although this was the last 
reference in the monthly reports on steerer 
rollers; the advocates of this approach 
once again tried to stimulate interest in a 
passive steerer approach.’ “The film 
guidance philosophy expressed in the 
proposal (Hexagon) and presently being 
used, requires high precision of 
manufacture and alignment of the entire 
system. This memo recommends a relaxa~ 
tion of this philosophy which could well be 
applicable to the major part of the system 
and permit considerable relaxation of 
manufacturing and alignment tolerances. 
Tt is further recommended that active 
steps be taken to explore the possibilities 
of employing guidance devices which do 
not require air bars.” The memorandum 
continued With a discussion of crowned 
rollers, free-pivoted rollers, and controlled 
pivoted rollers. 

A report written by the customer's 
consultant (SETS) on 23 May 1967 discusses 
an ee which was performed to 
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Initial Breadboard Steerer and Edge Sensor on Test Bed (Without Film) 


determine the guidance capability of 
contoured rollers and an evaluation of the 
feasibility of their application to the 
(Hexagon Sensor Subsystem) film path.>! 
"The results indicate that the guidance 
capability attainable by this technique is 
too small te be of significant value in 
reducing the tolerance required on the 
system.” It made no mention of the 
possible damage that could be caused te 
the film by shaped rollers. 

Development teats and design of the 
“air bar" steerer continued throught 1707 
and the first part of 1968. A Concept 
Review of the active steering mechanism 
(air bar) was held on & March 1967. The 
design was approved and mathematical 
analysis and breadboarding of the active 
steerer mechanism continued. Experi~ 
mental work on the Film Transport Test 
Bed awl the Film Path Simulator was 
expanded to include the testing of 
improved steerer designs: 

4 Film Path Concept Review held on 
Ta May 1967, recommending active 
steerers both in the Sensor Subsystem and 
tee forward section of the satellite 


containing the re-entry vehicles, was 
approved. By August 1967, problems of 
instability in the steerable air bar began to 
surface.-? Modifications were made to the 
ateerer design on an attempt to solve the 
problem. Sufficient progresa was made ta 
warrant the incorporation of the active air 
bar steerers into the Sensor Subsaystem.-* 

One persistent steerer problem 
continued throughout steerer testing on the 
Film Path Simulator, A low~frequency 
oscillation of the film between the ralbers 
and the air bar occurred whenever the 
piveted air bar was disturbed. The 
oscillation was caused by the sidewards 
bending of the film between the rollers and 
the air bar. William A. Newell, a staff 
engineer on the program, waa assigned ta 
the problem. He published his results in 
January 1968 verifying the measured 
results by analysia.?4 

A Film Path POR, on 20 December 
1967, reported the progress on the steering 
tests and presented various engineering 
analyses suppogsing the design. The design, 
was approved. However, by April 1968, 
stability tests, coupled with computer 
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Film Transport Test Bed 


analysis, revealed that the steerer 
mechanism had resonances at two fre- 
quency ranges. Modifications were made 
in an attempt to solve this problem. 

it was now quite apparent that the 
air bar had problems that could not be 
corrected by simple redesigns. The basic 
concept was at fault. While design and 
test engineers were working feverishly to 
solve the problema of the “air bar" steerer, 
the originator of the “air bar" steerer, 
Gharles D. Cowles, and another staff 
engineer (Walter McCammond) began to 
discuss the possibilities of using a system 
af “articulation*. 

Cowles, of course, had an excellent 
uulerstamling of film transport systems 
using rollers. He was aware of “neutral 
axis twisting” (the neutral axis of the film 
is defined as the axia along the center of 
the film length). He understoad that 
neutral axis twisting can be accomplished 
if the rollers at. either end of the film we 
lie in parallel planes and the misalignment 
rotation is about the peutral axis of the 


film only. Cowles applied this theory to a 
system of passive steering he called 
“articulation”. Cowles and MeCammond 
began working up a design, and using 
cardboard and paper; they fashioned a 
ineckup of an articulator. They tried to 
promete their idea ag an alternate to the 
air bar but were unheard. 

In the meantime, program manage- 
ment assigned William A». Newell to study 
the problems of the “air bar* steerer. 
Newell, just prior to this new assignment, 
shared an office with Cowles and 
McCammond and was aware of their dis« 
cussions on “articulated* film paths. 

Newell examined the kinematics of 
the air bar steerer and other steerers 
previously proposed and strongly recom- 
tended the replacement of the alr bar 
steerer with passive and “steerable” 
articulaters.°3 In his intreduction to his 


study report he stated, “Considerable 


experienced in ensuring the reliability of 
the film tracking properly throughout the 
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Air Bar Steerer Components on Test Bed 


Sensor Subsystem. The difficulty results 
from the great length of the film path, the 
large sumber of rollers and the components 
along it, the requirement for recycling the 
fils, and the relative motion of various 
parts of the film path. In a vague way, it 
has been assumed that a piece of 
equipment called a steerer would correct 
for these effecta. This has imposed many 
severe requirements on this device with 
resulting difficulty in attaining them. It is 
bellewed that the function previously 
assigned to the steerer should be broken wp 
inte two parts. The first of these is a form 
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of articulation of the film path te permit 
misalignment of the various subassemblies 
along the film path without affecting the 
tracking of the film. The second is a true 
ateering problem to keep the remaining 
sideward displacement of the Hilw along 
the film path within a reasonable amount. 
When this is done, the articulation in a 
passive manner provides six degrees of 
freedom in the displacement of any major 
subassembly relative to the others with the 
steerer only required to handle one degree 
of freedom involving the side motion of the 
film.” 
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Forward Articulator Test Bed 

Yhe articulators were implemented EE 
into the Sensor Subsystem design and the 
guidance problem was finally solved. 
There were minor design and manu- 
facturing problems that had to be 
overcome, but these were casily corrected. 

Although it is true that the steerer 
problem was solved by the determination 
of a few, it should be noted that their 
































Passive Articulator 
Qualification Vibration Teast 


success was based on the efforts of many 
others who amassed valuable information 
on réller design, flexure theory, alignment 
techniques, and numerous tests on the film 
path test bed and simulator. 


Film Path Arrangement 


From the time that Perkin-Elmer was 
asked by the CIA to study the “optical bar™ 
eonfiguration in March 1965, te the award 
ef contract In October 1946, the Sensor 
Subsystem film path went through several 
arrangements. At the time the Hexagon 
contract was awarded to Perkin-Elmer, the 
Satelite vehicle included twa fte-entry 
eapoules in the forward section, the Sensor 

| - Subsystem in the center section, and a 
p acai ; i supply assembly in the aft section. The 
Pation Pest ore space allocation for the Sensor Subsystem 
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Early Conceptual Drawing of 4-RV Arrangement in Forward Section 


was a cylinder 90 inches in diameter and 
170 inches in length Satellite structural 
information and re-entry capsule (RVI size 
and configuration at this point in Hme 
were very sketchy: 

A Film Path Concept Review was 
held on 19 April 1967 to approve an 
arrangement for routing the film from the 
supply assembly, through the Sensor 
Subsystem, and into the RV's. The film 
path recormmended at this meeting was a 
side-by-side arrangement of Camera A and 


Camera B film paths. In the configuration 


initially recommended in the Hexagon 
proposal, the film paths were stacked, ané 
above the other. The reason for the 
change was to reduce weight, decrease the 
sumber of air bars in the system, lower the 
film path and looper assembly center of 
gravity, and eliminate a cantilevered 
structure required in the proposal 
arrangement. The Film Fath wre i 
presented at the meeting was approved.? 

A second concept review of the Film 
Path arrangement was held on la May 
1967. Design approaches were presented 
en alr bars, rollers, steerers, film 
enclosures; film path interconnecting units, 
and the pneumatic system. The reference 
design of the film path was a side-by-side 
arrangement and the number of re-entry 
vehicles and the orientation of the re-entry 
vehicles and the supply assembly remained 
uochanged from the propesal arrange~ 
ment. This Film Path arrangement was 
the basis of the Sensor Subsystem design 
until August 1967, when the customer 
changed from 2 RWs to 4 EVs in the 


forward section, 

Studies were conducted on various 4- 
RV arrangements, and exactly ome year 
from the date of contract award, a 
Forward Film Path Concept Review was 
held to approve the new 4RV Forward 
Film Path arrangement. t However, 
detailed information on the size and 
configuration of the re-entry vehicle 
delayed progress. 

& Film Path POR was held on 20 
December 1967. The new 4¢RV Film. 
Path arrangement was discussed in detatl 
and approved. Just prior to the Film Path 
POR, the orientation of the Sapply 
Assembly was changed and the camara 
frame was lowered. However, there was 
insufficient time to incorporate this 
information into the PDR. Progress on the 
Film Path Assemblies continued, however, 
definite information on the RV size and 
shape were still lacking in April 1968.54 

Final detail drawings were being 
prepared in July 1968 when a major Film 
Path redesign occurred. The Film Path 
guidance system was changed from one 
based on the air-bar steerer to one using an 
active articulator. It required several 
months to assimilate the articulator 
steerers into the Sensor Subsystem. A 
Film Path Critical Design Review was held 
on 1) February 1969, and the new design 
which had been verified by teste and 

» WES approved. The much 
needed RY information was received in 
time to be incorporated inte the final Film 
Path design. 
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Preumatic System 


The Pneumatic System was con- 
sidered the responsibility of the Film Path 
Engineering Group during the initial stages 
of the Hexagon program. Perkin-Elmer 
had experience in the design of pneumatic 
systems on previous programs using air 
bara. The Perkin-Elmer Frotem proposal 
(May 1965), which was a proposed variation 
of the Itek “optical bar" design, included 
air bars which required a Pneumatic 
Supply. The proposal noted that, *Sub- 
contractors who apecialize in the 
manifacture of gas supply equipment for 
space applications are available and have 
complete facilities for production, special 
testing, and qualification." It appeared 
that ewen in the early stages of the 
Pulerum program Perkin-Elmer intended to 
subcontract the Poeumatic Module since it 
was an unclassified piece of equipment. 

Throughout 1965; no mention was 
made of the Preumatic System in any 
program documentation until 30 September 
1965 when a presentation was given by 
Perkin-Elmer to the Associate Contractors 
on the program? The presentation 
included the first sketch of the Poewmatic 
Module and was hased on a General 
Electric Company design epaittal to 
Perkin-Elmer in August 1965.5° The sizing 
of a pressure vessel for the Pneumatic 
System was reported in a technical report 
that same month.®9 Both a General 
Electric system layout and the Perkin- 
Elmer Hexagon proposal showed the 
Poeumatic Module located in the center 
section above the rotating optical bars. 

Work on the Poeumatic System began 
immediately after the award of the 
Hexagon contract and the first Monthly 
Technical Report contains a complete 
description of the initial design. The 
propesed weight of the system was 50 
pounds, but by January 19467 it had 
increased toe 150 pounds duc to more 
detailed air supply requirements. Perkin- 
Elmer and General Electric worked 
tagether on developing the initial design 
and by 21 April 1967, a Concept Review 
was presented and approved. LIZ This 
procurement package for the Pnaeumatic 
Supply Module was released to the 


Hz TOP SECRET 


purchasing department on 26 May 1967. A 
Perkin-Elmer schematic shows the location 
of the Pneumatic Module umchanged [above 
the optical bars.).74 


submitted their proposals by July 1967./4 
In August 1947, the pneumatic distribution 
lines were changed to accommodate the 
modification of the Sensor Subsystem from 
a 2-RV to a 4-RYV satellite system. The 
contract for the Pneumatic Module was 
scheduled to be awarded by 31 August 
1967. 75 However, plans were changed and 
was asked 
to conduct an 8-week study program on 6 
ber meeting was held at 
that same week te 
quotation and identical 
action was taken at © Pt 
New proposals were received from. 
the three vendors in March 1968. 
Technical evaluations rated il) as 
as average" and 
poor." The “poor” rating for 
ee | | was mainly due to lack 
of detail information and was later 
upgraded to "good" as a result of a post- 
proposal meeting. Discussions with the 
Lockheed company resulted in the 
relocation of the Pneumatic Module from 
above the optical bars to the aft bulkhead 
between the Suppl: J Assembly and the Two- 
Camera Assembly./8 


awarded 
1968.79 
an impasse was reached 
ue to a-disagreement on 
imates. Discussions with 
| were resumed on 14 May 
1968 “and the contract was anarded to 
a few days later.80,81 
A Pneumatic Module Concept Review 
was held on 17 July 1968 and approved. A 
few weeks later (7 August 1958) the PDR 
was held and accepted.2¢ The design 
continued without any significant probleme 
aml by 12 December 1968 all engineering 
drawings and analysis were completed and 
a Pneumatic Module CDR was presented 
and approved.63 The CDR weight of the 
Paeumatic Module was 134 pownds (G4 
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pounds of gas included) and was well within 
the 160-pound allowable weight budget.54 


Take-Up Assembly 


Conceptual design work on the 
Take-Up Assembly began in the fall of 
1965. By 26 April 1966, the first con- 
ceptual design report was published. The 
Take-Up Assembly was designed to carry 
two spools of 64-inch wide film (495 
pounds of film on each spocl).! Four 
months later, a preliminary design report 
was jscueds Except for a few minor 
changes ami additions it was identical to 
the April report. 

At the time of contract award a 
Perkin-Elmer design layout of the Take-Up 
Assembly existed. Tt was based on a Milm 
load of 2000 pounds and the technical 
eoncepts deseribed in the reports 
mentioned above. By 31 October 1966, a 
new design layout was completed for a 
2500-pound film load with the spool axis in 
the X directions However, an analysis 
ahowed that with the spool axis in the ¥ 
direction, the spools provided a much 
better support for a possible 40g impact. 
Another advantage of the change to the Y 
axis was the elimination of skew air bars 
and all Take-Up Assembly poeumatic lines 
in the forward section of the satellite 
wehiole.’ 

A Concept Review was held on 7 
January 1967 and approved for design 
layouts and further analytical studies.* The 
need for a builder roller in the Take-Up 
Assembly had already been established by 
pravicus experimental whiding testa. A 
technical review was held on 8 March 1967 
reporting the progress of all auxilliary 
devices such as the builder roller; builder 
roller lift-off, peripheral clamp, entry and 
exit rollers, and cut-and-clanp mecha- 
nisms. A four-RV study was also being 
conducted at this time. The proposal 
weight of an empty Take-Up Assembly was 
178 pounds but had increased to 200 pounds 
by April 1967.5 A revised specification 
with a requirement for $2,000 feet of film 
per spool necessitated a re-evaluation of 
the basic dimensions and analysas.? 

By August 1967, a statement of work 
for the Take-Up Subsystem was completed 
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and submitted te the Radio Corporation of 
America. RCA submitted a proposal for 
the Take-Up Subsystem which encompassed 
the complete design, development, and 
fabrication of the Take-Up Assemblies in 
the 4-RV configuration. RCA maintained a 
design team on corporate isk funds 
pending the outcome of the proposal 
evaluation. The technical review of the 
RCA proposal states, "In general, the RCA 
proposal is acceptable both from a 
technical and implementation standpoint. 
Technically, RCA shows an awareness of 
the problems to be solved and proposes an 
acceptable course of action. From an 
implementation standpoint, the RCA effort 
will relieve the critical manpower problem 
within Perkin-Eimer’s Hexagon program 
team. The basic approach taken by RCA 
for the design and development of the 
Take-Up Subsystem is to make maximum 
possible use of the extensive preliminary 
design effort already accomplished by 
Perkin-Elmer"? RCA was awarded the 
contract 

aan 





























Take-Up Assembly 


A Take-Up Subsystem Concept Re« 
view was held on 15 November 1967 and 
approved.10 The weight of a Take-Up 
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Assembly at this stage was estimated to be 
153 pounds (allowable weight budget was 
165 pounds).11 Three months later the 
Take-Up PDR was held and approved.lé 
Detailed design work on the Take-lp 
ibystem continued without any signifi- 
cant problems and on 12 September 1968, 
the Take-Up CDR was held and approved. 
The allowable weight of the Take-tip 
Assembly was increased to 220 pounds at 
this point. The weight reported at the 
CDR was 1/2 pownd under. 14 


SYSTEM ELECTRONICS 


The development of the electronics 
syatem for the Heaagon Sensor Subsystem 
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began soon after Perkin-Elmer was asked 
by the CIA to continue the design of the 
“optical bar" configuration started by Tek 
(March 1965). 

Brier to reviewing the evolution of 
the Hexagon Camera electronics system, it 
may be useful to study the diagram of the 
first flight [SV 1) configuration showing the 
location of the various electronic boxes 
(RV electronics not included). The elec- 
tronic boxes are located in three areas: 
circuits requiring ahort leads are mounted 
in the functional units; circuits related to 
the optical bar, the platen, film drive and 
active steerer articulators are mounted ati 
the camera frame; the remaining elec 
tronic boxes are 
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Electronic Box Locations (SV-1) 
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Assembly compartment. time.4 


Although the Perkin-Elmer *Protem" 
proposal submitted to the CIA in May 1965 
did sot discuss the details of the elec- 
tronics system, two reports describing the 
film transport functions and the on-board 
diagnostics were written in support of the 
proposal. ls23 ‘These reports are the basis 
of the Hexagon electronic designs that 
tollowed.4 An early Perkin-Elmer presen~ 
tation to the customer included slides 
showing the location of electronic boxes in 
the Supply Assembly compartment.? 

A. Perkin-Elmer presentation to the 
customer on 9 December 1965 was mere 
detailed and included not only a Usting of 
the major electronic circuits, but also 
discussed the various electrical experi- 
ments which had been comlucted wp to that 


~¢nitted on 21 July 1966.7 


Electrical design, analysis, amd ex~ 
periments continued up te the day that the 
Perkin-Elmer Hexagon proposal was sub 
The proposal 
contained a detailed diagram of the control 
system and listed all the studies, analyses, 
and experiments which had been conducted 
since early 1965. In addition, the proposal 
contained all specifications relating to the 
electrical design. After the award of con« 
tract, the electronics ayatem began to take 
a definite shape. 

The initial electrical design work on 
the program was started by Robert M. 
Landsman who early in the effort estab- 
lished some basic ground rules for the 
people working with him. One of the 
rules stipulated that every electronic 





Cabling Arrangement at Aft End of Midsection 
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component had to justify its existence in 
the cirewit. “If it ain't there it can't fail." 
Amother rule was, "No potentiometers or 
relays are to be wed in the system.” 
Unfortunately, exeeptions to this rule had 
to be made since if became too prohibitive 
and lesa vellable ta eliminate these 
components from some circuits. At least 
the circuit designers carefully considered 
the addition of questionable components. 
Lamisman also insisted on AC coupling 
across all high-level and low-level ground 
syatems ta decrease noise. 

Initially, the customer requirement 
was for 4 system with a fixed acan angle of 
120°, each frame being ten feet long. 
However, aoon after the award of contract, 
it wag determined that the system would 
be more effective if various scan angles 
could be selected in orbit. According to 
one engineer, “The short scan saved the 
systera. It would have been a really lousy 
system if we bad stayed with the fixed 
120° scan." This was substantiated by the 
fact that soon after the initial flight of the 
Hexagon system, the 120° scan was used 
only for special purposes. 

Fortunately, the Perkin-Elmer pro- 
posed design lent itself to a change from a 
fixed 120° scan to various short scans. 
Perkin-Elmer engineers had designed a 50 
millisecond stop at the end of the platen 
travel. All that was required was to vary 
the length of this stop. This permitted the 
iiasion operators to select a shart scan 
and position it anywhere within the 120° 
platen travel. 

One of the early problems that 
Perkin-Elmer electrical engineers were 
confronted with was the method of con- 
trolling the platen motion. The platen has 
to move with the optical bar, recycle, and 
then lock into the optical bar to repeat the 
scanning motion. At the same time, the 
platen had to change its position slightly 
relative to the optical bar to correct for 
image motions 

This could be accomplished in two 
ways. Ey adding sensors between the 
platen and the optical bars and doing it 
electrically, of by using a mechanical 
arrangement using 4 three~iimensional 
can. Perkin-Elmer recommended the 
electrical technique, while SETS, the 
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customer consultant, leaned toward the 
mechanical design and pushed the customer 
towards their approwch. Fortunately for 
the program, the customer selected the 
Perkin-Elmer approach. 

Asother early technical conflict be 
tween SETS and Perkin-Elmer was the 
selection of the sensor design between the 
platen aml the optical bar. The Perkin- 
Elmer approach recommended in the Hexa- 
gon proposal required “E*-core magnetic 
transducers between the platen and the 
eptical bar. A SETS analysis predicted 
that the “E*-~core approach would mat work. 
Perkin-Elmer then used an alternative 
approach, capacitive transducers, and were 
well inte the design when SETS came back 
with another analysis tating _ that 
capacitive transducers would not work and 
recommended a return to the “E"-core 
approach. At that point, Perkin-Elmer 
engineers were not about to change their 
approach again and atayed with the 
capacitive transducer which operated suc- 
cessfully. 

The customer soon gained confidence 
in Perkin-Elmer's ability to produce 
reliable electronic designs and work on the 
electronic system continued without far« 
ther conflicts. The electronic boxes were 
reviewed in the same manner as the other 
functional units. Electrical circuits closely 
associated with the functional units were 
approved at the same time as the func- 
tional unit POR's and CDR's. 


SYSTEMS ENGINEERING 


Although the varlow: Perkin-Elmer 
engineering prowps assigned to particular 
functional white were cognigant of the 
overall operation of the camera system and 


involved in developing interfaces with 
themselves, other major Sensor Subsystem 
Associate Contractors, and the Satellite 
and Re-Eatry wWehicle contractors, the 
responsibility for the overall system design 
of the Hexagon program at Perkin-Elmer 
was assigned ta the Systems Engineering 
Department. 1+ This department guided 
the initial concept design and established 
performance and the functional epecifica- 
tions for the camera ag a system and for 
the major functional camera. assemblies. 
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Whereas the project engineers of the 
major. functional units conducted design 
reviews for their specific designs, the 
system engineers presented technical re- 
views to the customer on the ovefall 
progress of the Sensor Subsystem. In 
addition, the systems engineers supported 
the various technical reviews of the 
individual functional units ami published 
analyses supporting these designs. 

Specifically, the Systems Engineering 
Department was responsible for several 
areas including: Performance Prediction; 
System Analysis, System Dynamics, Struce- 
tural Analysis, Wass Properties, and 
Thermal Control and Analysis. 

During the Sensor Subsystem PDR 
which was held on 29 February 1968, 
Donald Patterson, CIA Hexagon Program 
Manager, opened the review and observed 
that the Sensor Subsystem PDR constituted 
the first major milestone im the 
development of the Sensor Subsystem.? He 
noted that the review served as assurance 
to both the customer and Perkin-Elmer 
that the design is viable so that detailing 
of the design can proceed. He also 
observed that it provided an opportunity to 
avseas critical problem areas and exchange 
information that previously (i.e. during 
functional assembly design reviews) may 
not have been available. 

In his closing remarks, Patterson 
noted that the design presented at the PDR 
would be wed ag the baseline in contrac- 
tual negotiations with Perkin-Elmer. He 
observed that there were at least four 
areas which did not meet the Sensor 
Subsystem specification as written, and not 
considered by Perkin-Elmer to be the 
baseline design. These were: weight, 
reliability, ability of the Sensor Subsystem 
to operate within one hour after launch, 
ami the ability to operate within 
apecification on a U.4 probable day~ 

About a month later, Kenneth 
Patrick, Director of the Hexagon Program 
at Perkin-Elmer received a memorandum 
from Donald Patterson which included 
detailed Somements on the Sensor 
Subsystem PDR4, 

It stated, “Despite many favorable 
comments during the technical consultant's 
system development program, two areas of 


comtern were nonetheless registered. One 
was with regard to meeting schedule, and 
the second was with regard to the 
complexity of the film teaneport aysten, 
“with particular attention to the servo 
interrelationship, phase-lock loop detailing, 
and the general complexity of the 
command and control portion of the 
it is essential, therefore, that we 
must forus our attention during the 
PDR-COR perial to the area which will 
provide us the best assurance of meeting 
cur achedule with a ayatem of acceptable 
performance. Major areas on which we 
Must concentrate are aystem simplicity 
{output of cur design audit), scheduling 
réaliam, resolution of high risk design 
areas, and the performance of crithcal 
development tests of critical designs and 
components.” About a year later (March 
1969), the Sensor Subsystem CDR was pre- 
sented to the customer and approwed. 
Although the Systems Engineering 
Department participated in all aspects of 
Sensor Subsystem design, thera were 
several areas which required their special 
attention. These were pressurization, film 
tracking, weight control, and reliability. In 
addition, systems engineers participated on 
the Design Audit Team which was formed 
in June 1968 to identify the high risk 
areas. Of immediate concern were the 
following: inadequacy of the air bar 
Steerer design, film path pressurization, 
complexity of sequencer design, wncer~ 
tainties of servo performance, ceahayla hie 


optical component mounting design, and 
encoder procurement problems. 


Pressurization 


The decision to pressurize the entire 
film path required many testa and analyses 
and much discussion. Guring the initial 
stages of the Fulcrum program (November 
1965) the requirements specified in a 
technical memorandum to all project engi- 
neers indicated that “During camera 
Operation, it will be necessary to maintain 
a minimum pressure of 10 u within the 
camera compartment to prewent corona 
effects. During non-vperating periods, the 
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preasure may be regarded as approximately 
@qual to amblest pressure at 100 nautical 
miles or about 0.002 .7 

Thirteen months later it was 
discovered that preiaurization was more 
¢tritical to camera operation than initially 
considered. ‘The firat tests of transporting 
film in a vacuum revealed that vapor and 
gas released from fresh film wound on a 
large diameter supply spool caused the 
outer film layers to Dloat in an unstable 
manner. It was clear that unless this 
condition was controlled or prevented, the 
phenomenon could caise damage to the 
film and introduce large tracking errors in 
the film transport system. 





Film Transport in Vacuum Experiments 


114 


A HISTORY OF 








A test program was conducted in 
February 1966 to confirm the existence of 
eontrel problems due fo film outgassin 
and to develop tracking control measures. 
The tests were completed on 25 April 1960. 
A Feport discussing the results mentions 
several control devices which were wed in 
the tests.? Results varied widely. Success 
of a control device was determined by the 
comparative ability of the device te 
eontrol the film's lateral movement or 
stability as it moved off the supply spool or 
onto the take-up spool. The control 
devices inchiled fences, builder reollerss 
despooling rollers, self-centering rubber 
rollers (Lorig~Aligner), and banded spoals. 
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While stationary fences were 
satisfactory for the supply spool aml for 
relatively small stacks on the take-up 
spool, large film stacks rubbing against the 
fences resulted in unsatisfactory take-lip-= 
performance. 

Four types of builder rollers were 
used on the take~up spool: banded, 
flanged, plain, and crowned. All of these 
successfully prevented large lateral shifts 
(telescoping) but they performed with 
variqus degrees of success in producing a 
successful atack. The banded roller rated 
the highest; next came the flanged roller, 
amd the least successful were the plain and 
the crowned rollers. 

Three types of despoocling rollers 
were used on the supply spool: banded, 
flanged, and plain. All were unstable in 
eoutrolling the lateral position of the film 
ecoting off the supply spool. An important 
point noted in this test was that the builder 
roller used in a system requiring rewind 
will operate as a despooling roller during 
rewind (supply spool becomes take-up 
spool), The report recommended that some 
methed be provided to either Lift or 
remove the roller from the film stack 
during rewind. Tests on the Lorig-Aligner 
were inconclusive. 

The teat report made the following 
recommendations. For a film transport 
aystem requiring film rewinding ami large 
diameter spools in an environment that 
results in film sutgaesing, stationary 
fences were to be used both on the supply 
anid the take-up spools to control lateral 
movement of the film as it leaves the 
stauthee Builder rollers were also 
recommended with the provision that they 
contact the film stack only when the spool 
is used ax a take-up and lifted off the film 
when it is used as a supply spool. 

The report also outlined a future test 
program using full rolla of film, refining 
the teat set-up to obtain quantitative data 
on the effect of outgassing film on tension 
control and velocity, and incorporating 
passive and. active steerer mechanisms to 
effectively control film transport in a 
vacuum. Am analysis of floating film 
weitten in February 1966 concluded that 
about 22 tarnes of Hilm will float due to 
Quigassing creating @ maximum gap of 
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about 2 inches on a 60-inch diameter film 
supply spool.19 

‘The afiswer to preasurigation prah< 
deat at the time that Perkin-Elmer’s Hesa- 


Wproposal was submitted (fuly 1964) 
were two solutions included in the design 
of the transport system: one for supply 
spools and the other for take-up spools.* 

“Stationary fences provide the best 
solution for supply spools. A fence is a 
stationary rd positioned radially to the 
supply axis and approximately 1/16 inch 
away from the edge of the film stack. 
Three fences epaced 120° apart are used on 
each side of the supply stack. During 
transport the outer four to [we layers of 
the supply spool will lilt, become unstable 
and shift laterally (telescope) against the 
fences on one side. The film will ride 
against or intermittently touch the fences 
with very amall lateral forces. The flea 
lateral position is therefore constrained to 
+1/16 inch or the spacing of the fence from 
the side of the film stack. 

The “builder roller" was found to be 
the best solution for positioning and 
atacking the outgassing film onto a large 
diameter take-up spool. This is a roller on 
& swinging arm which rides on the take-up 
spool and is positioned such that it rides at 
or ntar the tangent point of the film as it 
approaches the take-up spool. Since a 
period of film reversal takes place at the 
emi of each photographic cycle, each spool 
must act as both supply and take-up. 
Consequently, fences and builder rollers 
are provided at both ends of the system, 
with provision for lifting the builder roller 
whenever @ spool is being used as a supply." 

About two weeks before the award of 
contract to Perkin-Elmer, two systems 
engineers published a memo recommending 
system pressurization, !4: It stated, 
“Problems associated with film outgassing 
Suggest the need for pressurizing the 
system. Vapor condensation, film floating 
force, film temperature and heat loss, and 
mechanical © or transmissibility are 
analyzed aa a function af pressure for the 
nominal operating temperatures + the 
three-sigma temperature variation. By 
choice of the optimum  pressure- 
temperature relationship, the problem of 
vapor comlensation may be eliminated and 
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the other problem areas controlled.” A 
pressure control cystem was described in 
the memorandum using temperature-biased 
preseure relief valves in selected locations. 

‘The first monthly technical report 
indicated that three approaches to the 
pressurization problem were being con- 
sidered and would be studied after the 
presdure level in the supply assembly was 
established: (1) @ low pressure system 
lie.» lower pressure than the supply (2) a 
higher pressure system or one that is equal 
to supply pressure (3) and an adaptive 
system that is temperature biased and 
presdure regulated. 

By the end of December 1966, the 
customer consultant, SETS, became in- 
volved in the pressurization problem and 
issued. a mameorandum oe & program 
plan to study the problem.! Another 
SETS memorandum voiced concern that the 
tly information available on how film 
moisture content varies with temperature, 
pressures, and moisture content of the 
presourant gas was the Eastman Kodak 
Photographie Handbook, "Which is far from 
adequate."!6 A SETS memorandum dated 
4 January 1967 noted that Perkin-Elmer 


was considering pressurizing the film 
transport system and presented an initial 
evaluation of the film and the system 
associated with a pressurized transport 


system.!7 Tt stated that photographic 
properties of the film were negligibly 
affected by moisture content and listed a 
number of specialized problems which 
required study, Among these was the 
effect of dry nitrogen from air bars 
producing local drying of the film and the 
dikficulty of sealing the optical bar. 

Oo 25 Jamdary 1967, an informal 
meeting was held to present both the SETS 
and Perkin-Elmer concepts of pressuriza- 
tion and to discuss proposed test plans. 18 A 
Perkin-Elmer systems engineer, in the 
meantime, published a technical report on 
the interaction of the film and its 
environment amd again emphasised the 
nee to preaturize the system.19 The 
report also contained several recommenda- 
tiens for @ pressurised system. 

In March 1967; the need for adding a 
system which would maintain the proper 
environment [or the film transport syatem 


A HISTORY OF THE HEXAGON P 





was being studied by the systems 
engineers. At that fime, pressurication 
requirements were undefined and in fact 
were not included in the budget weight of 
the Sensor Subsystem.*2 A month later, in 
& Meeting of systems and design engineers 
at Perkin-Elmer, a decision was made to 
control the moisture content of the film 
during the mission“! A trade-off study 
was started to review the various options 
on film path pressurization. The four 
options concerning the degree of preseurix« 
zation included: (1) a completely closed 
files path with air bars supplied by pump (2) 
a closed film path with relief valves 
allowing escape of gas from the air bara 
supplied by high pressure tanks (3) 
cassettes, sealed and pressurized, with 
chutes free-venting and (4) free-venting 
path with chutes acting as light barriers 
only. 

By April 1967, an experimental work 
plan for an abbreviated film path to be 
operated in a vacuum was developed.43 Ik 
included tests to evaluate film path 
pressure and pressure control devices, 
including chutes, relief valves, cassette 
seals, and pressurization apparatus. In 
addition, a film flatness test was planned 
along with an investigation of filma flutter 
effects introduced by the twister operation 
in a pressurized system. This was followed 
by a decision to provide pressurization of 
the supply assembly only using a resilient 
gate which closed arqund the film strip 
during shut~dewn. It listed various reasons 
why a completely pressurized film path 
was not only difficult to implement but 
created other problems. A memorandum 
supporting thie decision included a 
complete bibliography of all program 
decuments discussing the pressurization 
problem.“ 

in a technical meeting between SETS, 
the customer, and Perkin-Elmer on 31 May 
1967, the customer requested a description 
of the basic rationale behind the decision 
to pressurize only the Supply Assembly. 
The customer rejected the above memo ag 
aii inadequate basia for a decision on 
system: pressurization and asked for a 
definition of the testing or analytical data 
that would permit a pressurization decision 
prior to CDR. The méeting resulted in 
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several action ems imposed on both SETS 
and Perkin-Elmer.£? 

Pressurization studies continued, but 
in the meantime the design of the Sensor 
Subsystem continued based on an 
unpressurized film path. In July 1967, the 
monthly technical report included concern 
over film curl. “The danger of film curl 
causing film contact with the chutes in the 
long, narrow unpressurized chutes will 
require further investigation” 

Ten months later, spooling tests on 
the abbreviated film path egitipment 
revealed that film spooling problems in the 
take-up occurred during the rewind 
operation.*! 

SETS published a memorandum (16 
May 1968) indicating concern that some 
Perkin-Elmer engineers did not fully agree 
that pressurization of the entire film path 
would reduce the loss of moisture from the 
film during orbital operations. Ik described 
the manner in which pressurization would 
reduce moisture loss and the problems that 
this would alleviate. These problems 
included corona, take-up ballooning during 
rewind, film curl, loss of film stack 
integrity in the take-up water expansion 
from the supply into the film chutes, low 
film temperatures in the film path due to 
mitgassing, and film contraction in the 
chutes during dormant periods.2 

This was followed by another SETS 
memorandum (11 Tune 1968) that reempha- 
aized the need for a pressurized film path 
design ag a backup capability. However, 
the memo stated that conversion of the 
baseline film path te a pressurized design 
was not recommended until further 
definition of the preasurized system was 
achieved. “The schedule slip involved in 
the conversion will be minimized if the 
pressurized design is aggressively pursued 
as a backup aow."* 

By June 1966, Perkin-Elmer systems 
and design engineers were convinced that a 
pressurized system was necessary, a5 
indicated in a monthly technical report to 
the customer, "It thus appeara that If the 
problem of ballooning in the take~up is te 
be avoided by pressurizing the film path, 
then leakage of gas from the film path 
during — of nonoperation must be 
reduced."3 


Hx TOP-SEGRET 


Finally in September 1964, a decision 
was made to pressurize the entire files 
path. This was reported in the monthiy 

nical report which stated, “A decision 
was made to seal the entire film path so as 
to maintain film moisture in equilibrium. 
Maintaining & partial pressure of water 
vapor in the system not only conserves film 
moisture but also inhibits ballooning of the 
film during rewind. Reduction of curl- 
induced focus error provides still another 
benefit."31 

Since by that time, almost all of the 
major assembly CDR‘'s were presented and 
approved and detail design was sub- 
stantially completed, a major effort was 
required] to redesign those units affected 
by the decision to pressurize the film paths 
These included all of the Film Path 
Assemblies, the Looper Assembly cover, 
the Optical Bar seal, the Flaten and Film 
Drive Assembly covers and seals, and the 
Take-Up Assembly. 

The decision to proceed in this 
manner was based on the necessity of 
maintaining the Hexagon program sched~ 
ule. If back-tracking was necessary due to 
a lack of test data which prevented an 
early decision, it was a price that had to be 
paid for developing a camera to meet the 
stringent requirements of the Hexagon 
program. 


Film Tracking 


Perkin-Eimer’s philosophy of trans« 
porting film in the Sensor Subsystem was 
initially stated in the Hexagon proposal.*+ 
"As bas been made clear in the discussion 
of design optimization, a certain degree of 


complexity, and a certain burden of 
effectiveness has been placed upon the 
film transport ayatem in order to acheive a 
maximum of simplicity and reliability in 
other system areas, This has been done in 
the light of a background of experience in 
highly precise film transport systems for 
panoramic cameras which provides assur< 
ance that the problems which exist here 
are problems which have been faced 
before, and for which effective selutions 
have been found. 

Experimental programs which have 


‘been carried out to explore areas where 
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the pertinent parameters for this system 
exceed the range of values applicable in 
prior developments (e.g-, film velocity, 
mass of film supply, operation in vacuum) 
have confirmed that the methods which 
have been previously developed are 
adequate for the present situation." 

Prior to the Hexagon program, 
reconnaissance camera systems had a rela~ 
tively slow film transport speed and no 
reversals of film direction. The Hexagon 
design approach proposed by Perkin-Elmer 
and accepted by the customer required a 
high speed film transport system (204 
inches per second maximum in the fine 
file transport and 68 inches per second in 
the coarse film transport) with film 
reversals both at the take-up and supply 
spools. 

in addition, the length of film 
between the supply spool and the take-up 
spool was a maximum of 100 feet. 
Combined with the fact that the film 
supporting elements (rollers, airbars, film 
spoals) were independently mounted either 
on the vehicle structure or on the camera 
frame resulting in possible assembly 
misalignments and misalignments due to 
launch and orbital operations (i-e., thermal 
causes), the Hexagon film transport system 
had the potential of experiencing severe 
tracking problems due to testing and 
mission operations. The answer to these 
potential problems was briefly stated in 
the proposal. “The components which 
affect film path alignment are mounted in 
associated units and interfaced with 
vehicle structure in a manner that will 
preserve initial alignment.” 

The proposal cancuele dd that film 
handling was a development risk, *The 
present system represents a step beyond 
the current state-of-the-art in film 
handling in that a very large aupply of film 
is provided, the film is unusually thin, it 
must be handled at relatively high 
welocities, and it must operate in a zero 
gravity and gero pressure environment."34 

The test bed for the Sensor 
Subsystem film transport system was the 
Film Path Simulator (FPS). it was 
composed of breadboard-type supply and 
ail ‘Spools; a eee — sensord, 


ee EGRET 


platen. The major objective of the FPS 
Was to simulate the dynamic character= 
istics of the film transport system. 

Some of the initial problems of film 
tracking were identified in the first 
monthly report (December 1966). “The 
FPS has been completely aligned. UTE 
film has been handled successfully, bat all 
perturbations (localized flutter in the web 
due to dynamic tension gradients) cannot 
be removed without major rework of the 


film drive and platen assemblies.” 


Tnitially, the FPS was operated 
without the looper shuttle and film drive 
assemblies in order to minimize the 
number of elements that could create film 
disturbances. Jt was found that when 
properly aligned, the skew bars could 
operate ag aélf-aligning bars in hoth 
directions. 

With the platen and film drive 
assemblies added to the film path, 
excessive film perturbations and lateral. 
film travel appeared at the slit area. Since 
the film path without the platen and film 
drive assembly was relatively free of film 
disturbances, it was concluded that the 
perturbations were caused by errors within 
the film drive and platen assemblies. 

Upon further examination, the cap 
stan assembly was found to be responsible. 
Particularly the torque motor shaft of the 
capstan assembly was not properly 
assembled toe the capstan. This assembly 
was replaced in the film path. A marked 
improvement resulted. Ne visible distur~ 
bance appeared. Trouble-free operation 
was accomplished with UTS film. 

The twister and platen assemblics 
were also checked on the surface plate. 
Elements of these assemblies were cleaned. 
and realigned. The twister and platen 
assemblies were then replaced in the FPS. 
In spite of the re-alignment of the 
assemblies, film perturbations till 
appeared. Thus, it was evident that the 
residual errors im the twister and platen 
assemblies were limiting performance. 3 

A preliminary film tracking analysis 
was completed in May 1967 and later 
expanded to a technical report and 
published ia November 1967. 36 The report 
developed a mathematical model “which 
could be used to predict the response of 
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the film medium in passing between two 
adjacent misaligned rollers." 

In December 19467, an analysis was 
completed which “verifies the 
compatibility of the film tracking portion 
ef the fumetional specification on 
interconnecting film path assemblies with 
current design concepts and film tracking 
theorye An additional analysis was 
completed in February 1969 and presented 
a discussion of the elements of the film 
path and their contribution to film tracking 
errors. The report also included references 
to previous film tracking analysis and 
system requirements.4 

Throughout the program, test engi- 
neers and technicians working with various 
simulators and actual hardware were 
continually faced with tracking problenis. 
These were investigated and adjustments 
were made to correct tracking for that 
particular situation. 

On 14 Nowember 1969, the Engineer- 
ing Model was installed into Chamber A. 
Full system operation was achieved in the 
chan bet. However, intermittent film 
tracking necessitated removal of the 


Engineering Model which was set up 
outside of the chamber to determine the 
calise of the problem. 

Film tracking tests were conducted 
at constant velocity to verify tracking in 
the chamber film path and to confirm 


ayatem operation. It was necessary to 
make iinor alignment adjustments to the 
chamber film path under dynamic 
conditions. Good tracking was achieved at 
eonstant velocity. A film jam subsequently 
eccurred in the Camera A fine film path of 
the Engineering Model. This failure was 
cmised by the instability of the Chamber A 
film: path, mounted toa the chamber floor, 
which passed the Hlm through a chamber 
access point to a takeup on the outside. 

The Engineering Model was rein< 
gtalled in Chamber A. Good tracking was 
observed until the scan angle was changed 
to 120 degrees, whereupon tracking dete- 
riorated badly. Testing was suspended and 
an inspection revealed a film jam in the 
camera. 

In that same period of time, the 
Development model reached & point at 
which Elm transport system tests were 


successfully. 


Iie ae 


started. On 4 November 1969, the coarse 
film path B was threaded and operated 
The fine film path on 
Camera B was then threaded and spliced. 
The system was operated and a problem in 
film tracking was noted. The simulator 
supply was offset an amount that allowed 
the proper adjustment in the film path at 
the crossover assembly. 

Meanwhile, the Flight Models began 
approaching the eritical point at which 
their film transport systems would soon be 
in operation.*+ During initial film tracking 
tests in the Flight Model 1 (S/N 002) 
midsection, severe film wander was odbed 
on both A and B film paths. Diagnostic and 
visual observation determined that the film 
was wandering at the supply film exit 
westibule at a once-per-revolution of the 
supply. The design of the aft articulator 
had been changed since previous runs, due 
to qualification test failure of the 
articulator. Therefore, one of the new 
articulators (A-side) was removed and the 
oki design reinstalled. There was no 
improvement initially, but after a total of 
JO00-4000 feet of film had been trans~ 
ported, the film wander suddenly 
disappeared and did not recur. The new 
design articulator was reinstalled and 
tracking remained good. Similarly, the B- 
side tracking improved after 3000-4000 
feet. Thus; it was concluded that poor 
tracking was associated with a poor outer 
section on the film stacks. This was later 
to be attributed to a change of film from 
Type SO 380 to Type l4l4 which had a 
taper and caused film spillage after a 
buildup of a high number of turns- 

On 10 July 1970, the decision was 
made to replace S/N 002 (Flight Model 1) 
with 5/N 003. This decision was based on a 
preliminary failure analysis of the 47° teat 
run (failure of a component in an 
electronics box) in which it was determined 
that extensive disassembly and rebuilding 
of 5/N 002 was required.* 

S/N 009 mow Flight Model 1) was 
prepared for vacuum testing. Oa 18 
August 1970, during maximum rewind, @ 
jam developed in the B Camera. Attempts 
to clear the jam through system operation 
Were unsuccessful, so the chamber was 
vented.43 By 19 August, the Beside jam 
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were Investigated. The cause of the jam 
on the Beside was a broken wire im the 
take-up steerer B. Repairs were made and 
on 28 August the 47° vacuum testing 
commenced. The Supply A steerer soon 
showed @ saturation condition, follawed 
immediately by a Hlm jam in the A fine 
film path. All attempts to clear the jam 
through system operation were unsuccesa- 
ful, so preparations were made to vent the 
ehamber. System investigation revealed no 
file stack anomalies. An intensive investi- 
gation of the cause of the jam was 
initiated but revealed no anomalies in the 
steerer electronics or the film stack.*4 

Ry 20 September, several assemblies 
were replaced on Flight Model 1 and then 
it was installed in the chamber and rerun. 
The 70°F vacuum tests were aborted duc 
to a film jam on both sides. Subsequent 
investigation revealed that the command 
and control box was aot the cause of the 
Failure. 

On 16-23 September 1970, a Film 
Tracking/Aligament/Servo Committee re- 
view wags held at Perkin-Elmer at the 
direction of the Director, Photo Recon- 
naissance Systems, Office of Special 
Projects. The committee was formed for 
the purpose of reviewing the history of 
metering capstan, platen, and film tracking 
problems on the Hexagon camera system 
and to identify the causes of the continuing 
problems. There were twelve members on 
the committee from the Special Projects 
Office, Lockheed, Aerospace, and SETS. 
Several action items and technical 
directives were recommended by the com- 
mittee.45 

A memorandum from Patterson to 
Maguire (Perkin-Elmer Program Director 
at that time] stated that, "Even though a 
root cause of the repeated film tracking 
probleme was not kentified, several 
weaknesses in the area of analysis, test, 
aod procadures were evident.“"¥ As a 
result of the review, several analyses on 
film tracking were written and testa were 
conduc tel. 

By that point in time, the engineers 
and test operators were becoming more 
alert to any problems related to poor film 
tracking. On 3 March 1971, a baseline test 
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on Flight Model 1 experienced 4 stacking 
problem on the A aide. Tf was the frst 
indication that something other than and 
equipment failure was the cause. The film 
stack wedge was measured and found to be 
0.02l-inch high outboard. Film samples: 
Were measured and were also thicker 
outboard.4? 

In April 1971, during post-Chamber 
4el inspection of Flight Model 1, a films 
foldover wan noted on EHV-1 take-up A. 
The foldover occurred about halfway 
through an inadvertent 47-minute rum and. 
corrected itself without causing an 
emergency shutdown. Film wedging was 
determined to be the cause of the 
problem.48 

Tracking and stacking problems were 
alee occurring on Flight Model 2 (S/N 002) 
and Flight Model 3 (S/N 004). But by May 
1971, just a month before the launch of the 
first Hexagon Camera System, tracking 
seemed to be under control om all operating 
Flight Models. 

Perkin-Elmer engineers had at last 
developed an assembly technique that 
seemed to contribute to the good tracking 
that was now being experienced. Tracking 
tests on the cameras follawed a plan which 
progressively bailt up the film path; 
tracking was checked at each stage.™ 

During May 1971, an investigation 
was also undertaken to determine the 
effects the crossower airbar adjustments 
had on film tracking. A film taper test 
was also planned on the Engineering Model 
to start in the early part of June.” 

Flight Model 1 was launched sucecess« 
fully on 15 fume 1971. There were no 
tracking problems during the mission. $1 

In July 1971, during testing on Flight 
Model 3, marginal stacking was noted on 
RV3 for the ret 6000-10000 feet. A 
concave condition of 0.00é6-inch ard a film 
wedge of up to 0.U23-inch were measured. 
From 16,000 feet on, the concavity 
gradually reduced fo gero and the wedge 
game to legs than 0.005~inch. Tracking and 
stacking were exceptionally goad. Subse- 
quently, a manufacturer's splice was found 
at the point that the off-track began. No 
further problems were encountered.?* 

Tests on Fight Model 4, however, 
eshibited severe film wander on Camera B. 
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‘The problem occurred during test Sequence 
140. Later at the start of Sequence 141, 
the Sensor Subsystem Test Console issued 
an emergency shutdown command due to 
the supply B steerer being out of mits. “lh 
each case, the rewind speed preceding the 
abowe sequences had been 55 inches per 
second. The sequence was restarted and 
tan with no additional problems. All 
subs — testing was successfully com- 
pleted.5 

No serious tracking problems were 
reported on any Flight model ground tests 
until October 1971, when Flight Model 6 
experienced tracking problems due to a 
faulty edge sensor. There was also a film 
tracking problem at the same time during 
start-up. Subsequent shimming of the 
eae axplculator finally restored proper 

Flight Model 2 was launched on 20 
January 1972. Although the mission was 
completed without film tracking problema, 
there was a film separation on the B side 
of RV=-3 caused by film sticking due to 
contamination introduced during the film 
manufacturing progess. 

Six months later (7 July 1972) Flight 
Model 3 was launched. Two serious 
tracking problems occurred. The first was 
the occurrence of a film foldover in the 
Aft Camera film at the initiation of 
rewind. Since the Aft Camera fold was 
being generated in RV3 take-up, Aft 
Camera operations were resumed on RV4 
take-up. The second preblem was another 
film feldover which occurred on the 
Forward Camera during rewind operation. 
Since this fold occurred on RV4 take-up, 
stereo operations were not ceased until the 
take-up was nearly full.54 

This failure prompted the formation 
of a Tracking Task Force to investigate the 
causes of Flight Molel 3 tracking 
probleme. To provide a background for 
task force activities, a report was prepared 
which summarized film path tracking 
investigations through the history of the 
Hexagon program. The task force was 
eomposed of eight members; two fromthe 
Special Projects Office, three from SETS, 
one from Eastman Kodak, and two from 
Perkin-Elmer. 

The nature of the failures on Flight 3 


Hs TORS 


wag the subject of an extensive study by 
the 1203 PFA Team, however, they were 
unable to identify the exact mechanism of 
the , failure. 55 The sature of the 1203 


 fhilures was that on two occasions a 


disturbance occurred in the coarse film 
path which resulted in an automatic 
Emergency Shutdewn of the camera 
system. This was followed by evidence 
that a film foldover had occurred and was 
being apooled onto the take-up. In the first 
instance, operations were discontinued on 
the Aft Camera, while RVI take-up was in 
use, because of concern that continued 
operation would result in a film path jam 
which would prevent the transfer into the 
fourth RV. 

The second instance, which occurred 


on the Forward Camera while operating 


into RV4 take-up, resulted in the system 
being operated in an inefficient but 


operational mode. By wrapping folded film 
onto the take-up, the maximum radius was 
reached earlier than would have been the 
ease without a fold, reducing the amount 
of film returned. The Tracking Task Force 
investigations continued for three months 


(September through December 1972). 
After conducting numerous teste and 
analyses, the task force made recom 
mendations placing constraints on the 
operation of Flight Models 4 and § and 
recommending a retrofit on Flight Model 6. 
Many other recommendations were made 
including builder roller investigations, 
collecting a library of film samples known 
to have caused film spills, and inatituting a 
routine measurement program by the Ali 
manufacturer for determining the profile, 
rather than the taper, of wach film 
segment used in a flight film roll. 36 

Flight Model 4 was launched on 10 
October 1972 and Flight Model 5 was 
launched on 9 March 1973. Hoth camera 
systems were successfully operated. 

Two days after mission 1205 (Flight 


Patterson wrote 4 memorandum to Michael 
Weeks (OTD General Manager) expressing a 
concern about the tracking Sos on the 
Hexagon Sensor Subsystem.>? 

"We have always had tracking 
problems in the system. Nutierous things 


have been proposed as the casual elements 
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ani some have been tracked down and 
corrected. However, the tracking prob- 
lems are still with us and seem to be 
getting no better. Serious problema in 
tracking on SV-3 resulted in tracking 
constraints on SV-4 and SV-5 which caused 
a loss of about 15 percent of our collection 
capability. Translated inte dollars this 
represents a loss of about 

From the problems we have ° bad it 
appears to me that we may well have a 
generic design problem with the film path 
which permits the tracking to change 
without cur understanding why. Certainly, 
the alignment is still a "black art" when 
only one or two people are capable of 
aligning a system and then only by trial and 
error. Tt seams to me that the tracking 
should be amenable to a systematic 
alignment procedure that any competent 
technician could follow. I think we should 
look at alignment adjustments for various 
eléments of the path which will permit 
ready alignment with standard procedures 
rathee than the twisting and turning of 
elements as is now done." 

Weeks replied to Patterson's memo- 
rain and indicated that Perkin-Elmer 
wae also concerned about ayatem tracking 
and was developing improvements and 
incorporating them into the system as 
quickly as possible34 "First let me 
address the tracking problems on 5V-3 and 
the resulting rewind constraints on 
subsequent models. We are convinced that 
the problems on both sides of SV-3 were a 
result of film having different stacking 
characteristics fram the film we had used 
before and were not due to any camera 
problem. We developed a new builder 
riller design which should bé more tolerant 
of film variations such a3 crown and taper. 
Although we have tried to implement this 
improvement on a crash basis, there seems 
to be some reluctance on the part of the 
government te carry out this program.” 

Weeks noted that Patterson's 
eomments regarding the “black art" of 
tracking and alignment were well-founded 
and recognized early in the production 
process. Changes were made to permit 
ease of adjustment. By adding fences on 
the supply assembly, it was possible to 
rewind the film wp to 80 inches per second 


Hx TOP SEGRET 


on Flight Models in Block 1. 

Weeks concluded his reply by stating, 
"We feel that the above changes have 
solved most of the tracking problems 
exhibited by the carly models." Apparently 
the modifications made on subsequent 
flight models solved the tracking problems 
since Flight Models 6 through 10 had oo 
tracking problems that were not easily 

This success, however, was short- 
lived. Ground tests on Flight Model 11 
during the end of 1975, just prior ta launch, 
was troubled by tracking problems im the 
fine film path. Rebuilding and adjustments 
of critical assemblies did not help. 

Tests were conducted on the Engi- 
neering Model in an attempt to determine 
the cause of mistracking on Flight Medel 
ll. In parallel with the Engineering Medel 
tracking tests, the physical properties of 
the mistracking film were being closely 
examined. A microscepic examination of 
the mistracking film revealed an extruded 
projection at the edge of the film which 
was subsequently identified as being caused 
by the slitting knives used during film 
manufacture. The film in the same stack 
without the extruded edge tracked 
correctly. 

In 1976, when tests were belag 
conducted to qualify 80 208 film for flight 
use, extremely bad tracking was 
encountered. It was verified that matte 
particle size (pelloids), together with their 
distribution, had a direct influence om Filoy 
tracking. Fine particles led ta a lower 
coefficient of friction with the subsequent 
lowering of lateral tracking stability.© 

One of the early difficulties in 
identifying and correcting film tracking 
problems in the initial atages of the 
Hexagon program was that there was no 
single cause. Poor tracking could be 
caused by film supporting elements ancl 
their structures, improper alignment 
procedures, and film error contributions 
such as wedge, splices, damaged film 

and material camposition. The 
more subtle tracking causes were masked 
by the more significant. As each problem 
was eliminated, others remained to cause 
mistracking. 

Perkin-Elmer engineers and techni- 
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clang now have the experience and 
knowledge to align filo: trameports using 
standard procedures, and make the 
necessary modifications or adjustments to 
eliminate tracking problems. tn additidn, 
film physical properties are carefully 
examined t6 assure that the material 
meets transport requirements: 

tt is unfortunate that the over- 
whelming complexity of the film properties 
and the film tracking problems prevented 
resolution in the early stages of the 
program. Perhaps the readers can apply 
the lessons learned on the Hexagon 
program to problems that they may face on 
future programs. 

An exact knowledge of not only the 
photographic characteristics of the film 
but also its physical properties was of 
importance in other areas of the Sensor 
Subsystem in addition to film tracking. 
Although a meeting with Eastman Kodak in 
the early phase of the Hexagon program 
provided Perkin-Elmer with information on 
most of the properties of the film, some 
information was not readily available.6! 

As on other camera programs, design 
of the film was developed to suit the 
photographic requirements of the camera 
mission and the manufacturing processes of 
the film suppliers The resultant physical 
properties of the film were initially of 
secondary importance fo the film 
manufacturer. 

In order for PerkineElmer engineers 
to make a decision on whether to 
presaurize the film path, it was important 
to know how film moisture content varied 
with temperature, pressure, and moisture 
content of the pressurant gas. It would not 
be until September 1968, after sufficient 
testa and analyses were completed, that a 
decision to pressurize the film path was 
tades 

One additional area of concern that 
surfaced abowt the end of 1968 was the 
thermal problem in the forward section of 
the satellite vehicle. An October technical 
monthly report in that year states, "A 
gublect that needs more enyphasis at this 
time is the integration of all thermal 
requirements in the forward section: 
Thermal design criteria being used by 
SBAC, MWC, and SSC should be consistent. 


Hz TOP-SECRET 


Also early agreement is necesgary on the 
method of maintaining the forward section 
sufficiently warm relative to the 
amidsection so that water vapor from the 
niidgection does not condense in the 
forward section film path."®¢ 

In April 1969, Perkin-Elmer estab- 
lished the requirements of the Active 
Thermal Control Syatem. In addition to 
heaters which would be located in each RY, 
thermal insulation was required on the 
exterior of the articulater housings and 
chutes.63 

Finally, in September 1969, interface 
requirements between the Sensor Sub« 
system, Satellite Vehicle, and Re«entry 
vehicle contractors were agreed on and a 
Perkin-Elmer project team was established 
to expedite the development and fabrica- 
tion of Sensor Subsystem equipment for the 
Active Thermal Control System {ATCS).54 

There were no problems in designing 
amd fabricating the electrical amd 
mechanical portions of the ATCS. Perkin- 
Elmer, however, was never faced with 


eo 


having to develop new sewing techniques 
for making and tailoring insulation blankets 


age i 


RY4 Thermal Insdation Blanket 
{Partly Removed) 
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which were made up from 1/4 mil thick 
aluminised mylar. The system was tested 
and proved to be successful in operation. 65 


Weight Control 


it appears that a definite pattern in 
the sequence of events is followed in the 
weight history of most payloads. Froposal 
engineers usually estimate the weight of a 
payload based on a concept and preliminary 
drawings. They are also, of course, 
influenced by the weight requirement 
apecified in the RFP. 

After the contract is awarded, 
weually months after the proposal was 
submitted, an initial weight estimate is 
made. Bat by this time the engineers may 
hawe spent some time producing more 
complete drawinga and have a better 
unlerstanding of the components that will 
be required. In the meantime, the 
customer may have changed the payload 
requirements slightly and requested design 
changes. 

It is not until a weight engineer is 
assigned to the program that a more 
realistic weight estimate is made. His past 


experience and knowledge of the items 
that are usually omitted, auch as small 


hardware, cables, and redundant 
components and assemblies, results in a 
weight estimate much greater than 
everyone expected and what is acceptable 
by the customer. 

This leads to the next step in the 
pattern, a weight reduction program that 
concentrates on the use of lighter 
thaterials and optimisation of the material 
in the present design. This usually results 
in an immediate drop in the estimated 
weight of the payload. Soon after, 
however, there is a slow but continual rise 
in the weight estimate in spite of any 
efforts to keep it down. Aft this point, a 
weight review board is usually established. 

What may be happening to cause this 
increase are customer-requested changes, 
changes to: provide a better design, the 
weed for mechanical or electrical redun- 
dancies not anticipated in the 
reliability estimate, redesigns due to part 
or assembly failures. 

Not until all parts are detailed, and 


estimated and calculated weights are 
replaced by actual weights, does the 
payload weight approach what may be the 

What is of concern to the payload 
program manager of today is that this 
same pattern persists on current programs. 
“Until the proposal managers assign a 
weight engineer to participate im the initial 
concept and he is assigned to the program 
when the contract is awarded, weight 
increases will continue to create program 
difficulties,” stated an engineer who 
participated on the Hexagon program. “JA 
weight contingency must be set aside at 
the beginning of every program and meted 
out in an organized manner. Sophisticated 
aircraft and spacecraft companies and 
government agencies follow this procedure 
today.66 

The Hexagon program is an example 
of a payload that followed this classic 
pattern. The weight of the Sensor 
Subsystem proposed in Z1 July 1966 was 
2997 pounds. Immediately after the award 
of contract, an initial weight estimate was 
made. However, three months had gone by 
during which time the engineers developed 
more complete designs and had a better 
understanding of the components that 
would be required. 

By February 1967, the estimated 
weight increased to 3647 pounds and finally 
reached 4066 pounds in March 1967. ‘This 
was the point at which a weight reduction 
program was started. By July 1967, the 
weight dropped to 3821 pounds. 

A significant change was made at 
that time. The customer now required four 
re-entry vehicles instead of two: The 
weight estimate shot up to 4308 pounds and 
by January 1968, when the weight reached 
4513 pounds, 4 new weight control plan was 
initiated. 

Additional customer-required changes, 
mandatory design changes due to part and 
assembly failures, amd the seed for 
additional redundancy, all resulted in an 
upward trend of the weight estimate. In 
May 1968, 4 weight review board was 
established to control this situation. 

The decision to pressurize the Hilo 
path resulted in an additional increase that 
forced the weight up to 4904 pounds. The 
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Weight History of the Hexagon Sensor Subsystem 


weight moumber now inchdled a greater 
percentage of actual part weights. 

Soon after; it was decided to include 
an Active Thermal Control System in the 
forward section of the Sensor Subsystem 
film path. The weight increased to 4998 
pounds in November 1969. About 92 
percent of this weight sumber consisted of 
actual part weights. The final weight of 
Flight Model 1 was 4968 pounds {not 
including film or pneumatic gas supply). 


Film Path Test and Analysis 


Ome of the most useful and effective 
pieces of teat equipment developed for the 
Hexagon Camera wag the Abbreviated Film 
Path (AFP). The equipment was primarily 


used in the beginning by systems engineers 
te confirm their analyses of the film 
transport system both in air and in a 
vacuum. 

Plans for building the AFP test 
equipment were initially discussed in 
January 1967.67 The objective of the 
axperimental program waa to evaluate the 
physical effects of variations of 
environment on the interfacing film and 
film path components. Initially the sice of 
the vacuum chamber was to be 6 feet x § 
feat and the test equipment was to be 
fabricated and aasembled in 18 weeks. 

In February 1967, a review of the 
instrumentation required to obtain thermal 
data from the APP wae completed. The 
instruments selected would provide infor- 
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mation on film cooling, film outgassing, 
roller cooling, and film heat transfer 
characteristics.©' 

A preliminary experimental work 
plan was written for the AFP by the 
beginning of April 1967.69 The testa were 
to be run in three phases. Phase A was to 
be the evaluation of film path pressure and 
pressure control devices, film chutes, 
relief valves, cassette seals, and 
piresurigation apparatus. Phase B was to 
include film flatness testa on the platen 
design. Phase C was to provide test data 
om file flutter effects introduced by the 
twister assembly during operation in air 
and in vacuuni. 

However, it was not until July 1967 
that drawings for the AFP were completed od, 
parts ordered, and fabrication atarted.? 
The AFP was completed in January 1964, 
just about the same time that the 10 foot x 
12 foot vacuum chamber (now E-~Chamber) 
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was delivered to Perkin-Elmer’! The 


Hexagon program was still located at the 
7? Danbury Read facility in Wilton 
Connecticut during that time. 

The initial pumpdown tests began in 
February 1968 and debugging activity on 
the aquipment continued until April 1968. 
But by June 1968, the AFP was in 
operation and teste were being ran on film 
ballooning on the speclss The test data 
proved that pressurization of the film path 
was required. This was the first major 
milestone on the AFP.?2 

By October 1968, Phase A of the test 
plan was completed and Phase B film 
flatness tests were started. In addition, to 
tests conducted to determine the cause of 
the film corrugations at the twister 
airbars, some rewind tests were 
continued.?4 

In November 1968, the APP was 
moved to Danbury. This waa the last piece 
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Installation of the AFP into the Vacuum Chamber 


of equipment moved from Wilton to the 
new building.?4 After the AFP was set up, 
film flatness tests continued, in addition to 
some corona and film sticking tests.75 

Phase € tests included the 
investigation of Film flutter effects ia the 
twister assembly. After these Phase © 
tests were completed, film flatness tests 
were again run and continued past the 
launching of the first Hexagon system. 

When the AFP was first assembled it 
contained a takeup and supply, tension 
sensors, drive capstama, platen, film drive, 
anil a crossover airbar at the supply. 
Articulators were added at a later date. 

In 1974 the AFP was modified to 
permit film reeyeling. Prior to that 
ehange, the APP was a constant velocity 
machine (from zero to 240 inches per 
aecond, forward amd reverse). The “B* side 
Engineering Model Looper Assembly was 
added to the AFP, in addition to the 
necessary electronics to operate the added 
equipment. 

An engineer who started working on 
the APP in 1967, recalls one of many 
incidents in which the AFP played a 
significant part.76 "A couple of years ago 
(1979-1980) just prior to the launch of a 
Hexagon system, test data at the West 
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Coast facility indicated a 15-20 micron 
out-of-focus condition on one camera. 
AFP testa, however, showed that the test 
film had a 20 micron dip in the center. 
Plans to change the platen and add a tilt 
into it were abandoned since this indicated 
that the Hexagon Camera was not at fault. 
Since then, a decision on the final camera 
adjustments just prior to lawich if not 
made until AFP film flatness test data. is 
examined.” 

The AFP is currently used to test any 
new film developed for the Henagon 
Gamera to check flim stacking character- 
istics, film sticking, film splices, and file 
flatness profiles. 

This same engineer has a great deal 
of reapect for Eastman EKodak personel. 
“You have to give those guys credit. We 
put their film through quite a bit -- 
twisting if, zinging it back and forth, 
accelerating it up te cleven miles per hour, 
stepping it, instantaneously, and reversing 
it eleven miles per hour in the opposite 
direction. The stuff is only 1% mils thick 
atl it's twisted, bent and pressed. In 
addition, the film coefficient of friction 
must be correct since the Hexagon Camera 
doem't even have sprockets or Nanges 
it's amazing!* 
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SYSTEM RELIABILITY 


Is the early 1960's, prior fo 
Perkin-Elmer's involvement in the Hexagon 
program, the reliabihty activity at 
Perkin-Elmer was primarily reliability as~« 
suramce. ‘This effort was basically a review 
of program test procedures and plans to 
assure that the required teste were 
conducted properly. In addition, reliability 
akeurance engineers analyzed failures and 
malfunctions. 

Reliability on the Hexagon program 
was expanded to cover all aspects of 
reliability inchiding reliability engineering, 
which required involvement in the initial 
canceptual design and design reviews. 

Perkin-Elmer's Hexagon proposal ex- 
pressed the reliability philosophy followed 
on the Sensor Subsystem. “The mecha< 
nisms for computing the reliability of a 
system composed of electronic and 
mechanical parts are well established. 
These are based upon the mathematical 
combination of failure probabilities af 
individual components. The guide to the 
application of these mathematica being the 
established failure rates of the components 


invelved and ‘thelr arrangement within the 


system. This exercise yields a predicted. 
probability of failure for the overall 
subsystem.” 

Thie philosophy was based on the 
assumption that there wer¢ no undis~- 
covered design or workmanship errors in 
the subsystem. To eliminate these prob 
lems, a comprehensive testing program was 
established to uneover design errors, 
repetitively occurring workmanship errors, 
and some isolated nomrepetitive workman- 
ship errors. Errors that remained 
undiscovered throughout testing and capa- 
ble of later failures were considered major 
components of “random failures." 

The foundation of Perkin-Elmer’s 
Hexagon part program was borrowed from 
the Minuteman Program. However, as 
discovered in later years, Hexagon parts 
operated beyond expectations since they 
were of better quality and more reliable. 

The Reliability Department peaked 
at about 65 people. This did not include 
the persommel working for subcontractors. 
in addition to setting wp a reliability 
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training course for all Perkin-Elmer 
engineera on the Hexagon program, the 
reliability group also established rehability 
programs at subcontractor facilities 

The customer and Perkin-Elmer 
management were committed to producing 
a reliable system = cost was secoadary. 
As expressed by Stanley C. Karachuk who 
managed the reliability effort on the 
Hexagon program for many years, “We did 
what had to be dome to asgure the highest 
reliability possible."3 

To accelerate the reliability engi- 
neer’s learning curve, malfunction report- 
ing was started even before the contract 
was awaried. “We probably had the most 
thorough failure analysis activity that was 
being done at that time," stated Rarachuk 
during an interview. "We were also leaders 
in promoting rellability techniques and an 
approach which limited the variety of parts 
that could be used on the system." 

The efforts of all the functions in a 
reliability department are directed to the 
production of a reliable system. These 
efforts are reflected in a reliability 
number (from zero to one) which is used as 
a measuring tool. “However, we didn't 
make it a numbers game,” said Karachuk. 
“We emphasized the design support 
activities and influenced the design at the 
conceptual and preliminary design stage. 
The reliability number was used primarily 
te compare the effectiveness of competing 
designs." 

The Perkin-Elmer proposal estimate 
of systero reliability was determined to be 
0.8819, based on the number and type of 
parts that compriged the design at that 
time.* Between the time the proposal was 
submitted to the government (July 1966) 
and Februsry 1947, the reliability sumber 
decreased to a iow of 0.6671. This dip 
reflected a buildup of complexity as the 
designs progressed. Circuits that were 
initially estimated at 10 parts increased to 
15 parts im the preliminary designs. Tk was 
obvious that the reliability estimate in the 
proposal was based om a very simplistic 
understanding of system complesity. 

At this point, the reliability 
engineers became very concerned because 
the low reliability number represented a 
very high risk that could discourage the 
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System Reliability Profile History 


customer from continuing the program. 
Additional effort was made to simplify the 
designs and decrease the oumber and 
wariety of parte that engineers could use in 
their designs. 

By the fourth iteration of Sensor Sub- 
system reliability, the estimate increased 
to 0.7604. This was due to the "get well" 
program initiated by the Reliability 
Department. Redundancies were also de- 
signed into the system. <A second drop in 
the reliability number (0.7071) occurred in 
November 1967 because of a change from 
two reentry vehicles to four, the addition 
of a variable scan, and the inclusion in the 
reliability estimate of all diagnostic 
instrumentation. 

Fifteen months after the start of the 
program, the reliability number was up to 
0.8013.9 This was accomplished by limited 
redundancy. Beginning in August 1968, the 
reliability estimates which had been based 
om in-orbit operation only, now included 
the entire mission from launch to 
completion.® As the design took final shape 
in 1969 and the COR’s of each functional 
unit were approved, the reliability 
estimate tended to be almost constant. 

Although reliability estimates were 
no longer reported in the monthly reports 
after the first mission, and the effort 
became primarily a reliability assurance 
activity, the overall reliability of the 
aystem continued ta be monitored in later 


missions. The failure rates experienced in 
the later missions were primarily 
operational failures. The reliability of the 
Hexagon system has actually increased 
because the Initial design safety margins 
were much greater than anticipated and 
Perkin-Elmer screening techniques proved 
to be much niore effective. 

On 21 July 1978, Robert H. Sorensen, 
President of Perkin-Elmer at that time, 
received a letter from Major General John 
E. Kulpa, Jr. Director of the Office of 
Special Projects, Air Force. “The 
Hexagon Mission 1214 (l4th flight) 
Panoramic Camera is the latest in a series 
of electronics problems experienced on the 
Hexagen program. I am concerned that 
this failure, along with other tmissioa 
anomalies, may imiicate a significant 
deficiency or even deterioration of the 
teliability of the Hexagon program: 
Because of this concern, [ am directing an 
extengive and independent audit of the 
Hexagon payload reliability.” 

The review was conducted by a “blue 
vibbon” team composed of the micwt 
capable Air Force and Aerospace 
personnel.) The conclusion reached by the 
audit team was that the design was nat 4 
avarce of “high* orbital electronic failure 
rate, the pedigree review was adequate to 
insure good flight hardware, relays 
accounted for 50 percent of the failures, 
the mechanical failure histery indicated ma 
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increase since the Hirst mission, parts were 
not contributors to a “high” failure rate, 
there was no trend of increasing anomalies, 
amd that personnel changes were not a 
factor in the orbital failure rate. The 
review team recominended an increase in 
#lectronics teat time and more severe 
thermal cycling. 

Although the Perkin-Eimer Sensor 
Subsystem was designed to operate for 45 
days, mission length was increased during 
each mission until later missions achieved 
aver 175 days. ‘This could only have been 
posible if the design and the parte were 
wore reliable than the published reliability 
estimates. 

The reliability philosophy followed on 
currant space programs is essentially 
unchanged. Today, however, we are much 
more sophisticated technically and hecausce 
af the availability of computers, we can 
now examine many designs under a variety 
of conditions at a faster rate and through 
more iterations. 


MANUPACTURING AND TEST 


Perkin-Elmer'ys basic philosophy for 
building the Sensor Subsystem was 
expressed in the Hexagon proposal. *The 
overall fabrication and delivery plan 
requires that all possible parts fabrication 
and some select assemblies be subcon- 
tracted. Structural assemblies and preci- 
sion machining and assemblies of beryllium 
are typical subcontracted items. The 


He ao 


detailed system design is being developed 
following this guideline. Where it has been 
possible, subcontractors have and will be 
asked to participate in [inalizing of part or 
assembly design to insure better 
producibility and delivery. Fabrication of 
mechanical parts by Perkin~Elmer will be 
largely limited to airbars, parts for models 
oF experiments, and quick response 
requirements."! 

‘This philosophy was also applied to 
the fabrication and assembly of com-~ 
ponents for the electrical system. The 
following were subcontracted to qualified 
manufacturers; optical encoders, metering 
capstans, brushless torquer motors, and 
various electronic packages. 

The effort facing the manufacturing 
and test éngineers was massive. In 
addition te producing parts for breadboards 
and various experiments and tests, they 
were responsible for recommending and 
designing various test and handling equip- 
ment for the Hexagon program. They also 
participated in the design of the 
manufacturing and test facility in Danbury- 

As the camera design progressed, the 
manufacturing engineers helped to deter~ 
mine tolerances to insure that the designe 
were economically preducible. By March 
1967, engineering drawings were being 
released for the various modela which 
would confirm the design concepts. 

The first Hexagon Camera model to 
be built was made of wood. It was a full- 
size spatial mockup that was nonfunctional 


Full Size, Hexagon Camera Wood Model with Program Personnel 
Responsible for Design and Construction 
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and intended to demonstrate arrangement, 
major interfaces, and outlines. It was alac 
used in the layout and design of cables and 
electrical harnesses. oe 

Soon after, the Mass Model and 
Thermal Model began taking shape. The 
Mass Model was a nonfunctional assembly 
that was used to demonstrate arrangement, 
major interfaces, mass simulation, struc- 
tural evaluation, and also a check on fabri- 
cation and handling procedures, mass prop 
erty control procedures, and accuracy of 
drawings, parts listy etc. The accuracy of 
tnast simulation for each subassembly was 
within at least 5 percent, with ¢ percent 
being the design goal. The Mass Model 
was not required to function either elec- 
trically, thermally, optically, pneumati- 
cally, or even mechanically, except that 
itema such as the optical bar, platen, 
supply, and take-up were to be hand-~ 
retatable. However, with regard to size, 
weight, and structural characteriaties, the 
Mass Model closely resembled the Flight 
Model. 

The Mass Model had to withstand 
qualification level shock and vibrational 
requirements. These tests included force= 
deflection and low-level vibration tests on 
the supply, frame, optical bar, and other 
camera assemblies to provide data needed 
to confirm the design. 

Assembly of the Masa Model optical 
bars at Perkin-Elmer's Commerce Park 
Facility in Danbury began in September 
1967.3 The Mass Model two-camera as~ 
sembly was completed in December 1967 
aud shipped to the AVCO Company for 
wibration testing. Assembly of the Mass 
Model afforded am opportunity to train 
Perkin-Elmer personnel and develop as- 
sembly and handling techniques for appli- 
cation on later models.* After vibration 
testing, the Mase Mowel was returned te 
Perkin-Eimer for evaluation. It was then 
disassembled and updated for testing of the 
frame and optical bars.? 

‘The SBAC midsection was received in 
December 1968 amd set up in the main 
assembly area for installation of the twao- 
camera aml the supply assemblies, cables 
and harnesses, and the electronic boxes. 
After successfully passing vibration tests, 
the Mase Model midsection was shipped te 








Masa Model 





Clean Room Assembly Area 


SBAC {8 April 1969) for additional 
testing.? After completion of nal tests in 
mid-March 1970 (acoustic and pyro- 
technic), the Mass Model wae returned ta 
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in Transporter 


where it remains today in 






storage. 

Plans for the Thermal Model started 
at about the same time as the Mass Model. 
The Thermal Model was also a nonfunction- 
ing unit and closely simulated the thermal 
characteristics of the Flight Medel. In 
aidition to duplicating the major compo- 
nent arrangement, the thermal diffusity, 
thermal conductance, finishes, coatings, 
structural mounting pointe amd internal 
power distribution closely matched the 
Flight Configuration. : 

Internally mounted heaters were 
capable of developing 150 percent of the 
design beat load and the film spools were 
designed to carry a full load of film. 
Instrumentation [almost 400 thermal sen- 
sors) was located internally and externally 
to monitor temperature level and distri- 
bution. <A detailed thermal analysia was 
conducted in conjunction with the design of 
the Thermal Model. The test data was also 
tised im confirming the adequacy of the 
system thermal analysis computation 
methods. 

By January 1968, the Thermal Model 
was completed and shipped to the General 
Electric Company for thermal tests.? The 
testa. were completed two months later ami 
the Thermal Model was disassembled. The 












































Removal of SHAC Midaeection 
from Transporter 





Thermal Model in Complete Test Fixture 


parts and subassemblies were ot 
used in other testa and experiments. 0 
Fabrication of the Engineering Model 
began in April 1968.11 The Engineering 
Model was fabricated from drawings and 
specifications approved at the PDE and 
CDE technical reviews. The purpose of 
the Engineering Model was to demonstrate 
that the system functions properly, to 
surface any design or manufacturing flaws, 
and to retrofit redesigns resulting from the 
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Midseetion Assembly Installed 
on Shaker Cluster 


Engineering Model testa. With the excep~ 
tion of a few waivers which did sat 
compromise functional or structural integ~ 
rity, the Engineering Model closely dupli-~ 
cated the Flight Medel. 

By May 1969, the Engineering Model 
was ready for testing of the lm transport 
capability. The configuration consisted of 
a complete one-camera assembly with 
simulated supply and take-up. File was 
transported (79 ips) with the platen in beth 
the nonoscillating and in the oscillating 
mode.1é 

The following month, one-camera 
tests were continued in Ready Room B in 
Préparation for Chamber B tests. The 









































—_ : = camera was operated at film speeds up te 
ts : 200 inches per second at the slit, with a 
Develapment Model simulated System Command and Contra) 
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Ready Room & 


and Sensor Subsystem Teast Console. Test- 
ing indicated that all system parameters 


were being met, however, during start-up, 
a power supply was not turmed on resulting 
in the platen being driven into ita stops. 13 
One month later, the Engineering 
Model was tested in photography modes as 
well as the recycle mode prior to being 


installed in Chamber B.!4 Engineering 
Model tests in Chamber B were completed 
in Auguet 1969. Nine photographic runs 
were performed both in air and in vacuum. 
After correcting various problems with bad 
film, erratic shutter operation, and high 
signal errors, a final run in Chamber B 
produced a resolution of over 150 lines in- 
track. #5 

By September 1969, the Engineering 
Model was installed into the Satellite 
Midsection in preparation Ready Reom 
A and Chamber A tests.) A major mile- 
stone was accomplished in the check-out of 
the Engineering Model in Ready Room A 
when the system ran in automatic mode 
with a preprogrammed number of frames. 
The Engineering Model was then moved 
into Chamber A on 29 November 1969 
where full system operation waa achieved. 
However, ntermittent film tracking neces- 
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sitated removal of the Engineering Model 
to determine the cause of the tracking 
problem. !7 

The Engineering Model was then rein~ 
stalled into Chamber A. The first series of 
the integrated therma] test run in @ 
vacuum were started on 9 December 1969. 
The integrated thermal tests were to 
determine how effectively the satellite 
midsection maintained the temperature 
{70°F +23°) of the environment surrounding 
the two-camera assembly, the pneumatics 
assembly and the supply assembly under 
simulated orbital conditions. Upon com- 
pletion of the photographic runs, thermal 
conditions were changed and thertaal data 
acquired.!8 A second series of photo~ 
graphic runs was started on 11 December 
but the run was aborted due to @ 
malfunction of the film transport system. 
Unsuccessful attempts were made to free 
the film path Tk was decided to continuc 
the integrated thermal testing, leaving the 


The integrated thermal testing of the 
Engineering Model in Chamber A was 
completed in February 1970. The unit was 
then removed from the chamber for 
disassembly and post-test inspection.©9 As 
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a result of these tests, the paint pattern 
and the superinsulation on the midsection 
were modified by the Lockheed Corspany. 
The following month, the Engineering 
Malel was used in perfecting the tech- 
niques required to Hft a syatem from the 
horizontal to the vertical position.@! 








Forward Section Simulator Supply Assembly Installed in Acoustic 
Mated to Midsection Chamber with Microphones 
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Supply Assembly Installed in Four 
Shaker/Fixture system 


In Apell 1970, the Engineering Model 


was disassembled for inspection of all its 
parts prior to refurbishment for use ag a. 


film path teat bed. The two-catiera 
assembly was removed from the mid- 
section. The midsection was used to 
perfect vertical lifting techniques on the 
Shaker Room haist.** 

The Engineering Model has been in 
use for test purposes simce the first flight 
mission. An “A side only" machine, it was 
used frequently for demonstrating the film 
transport system to Hexagon program 
visitors. ite most important function, 
however, was to test mew film and assist in 
determining the causes of malfunctions 
during mission operation of the fight 
mexbelse 

Fabrication of Development Model 
parts began in arvid-1968, soon after the 
approval of the CDR's. The Development 
model was made from Flight Model 
drawings and was subjected to acceptance 
tests and procedures used in the mannu- 
facture, assembly, amd checkout of the 
Flight Model, including production level 
environmental tests. 

Fabrication and assembly of the 
Development model was continued, and in 
September 1969, the Satelite Basic 
Assembly Midsection was delivered to 
Perkin-Elmer.¢3 Soon after the two- 
camera aaseinbly was moved to Ready 











installation of Midsection 
on Shaker Fixture 


Room B and on 11 October 1969, the fine 
film path and coarse film path were spliced 
together and the film transport ayestem was 
tested without the active drive or metering 
capstan. The film path was verified ta 
have a good track.@4 By November 11, the 
film tramaport system A was successfully 
operated at 0.18 and 0.54 Vx/h.@? After 
completion of Ready Room B tests, the 
two-camera assembly was removed from 
the simulator and installed and aligned in 
the midsection. 

Ready Room A tests followed and the 
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Development Model was started and a slaw 
turn-on of Cameras A and B was completed 
on 7 January 1976. Difficulties were 
experianced with the System Cammand and 
Control Box. The unit was returned to the 
vendor for checkout.©? 

By February 1970, several major 
teats were completed on the Development 
Model, including the Chamber A Checkout 
and Photographic Qualification, Two= 
Camera Assembly Vibration Qualification, 
Horizontal Baseline and Vertical Baseline 
Tests.28 After undergoing photographic 
thermal-wacuum qualification teste in 
Chamber A, the Development model was 
shipped to the Weet Coast 
LO April 1970. 

In August, 1970, the Development 
Model, which was now assembled in the 
Satellite Basic Assembly, was subjected to 
both acceptance and qualification level 
acoustics vibration tests. Both the A and B 
sides of the Sensor Subsystem were 
inoperative during post~acoustics fume 
tional tests. Troubleshooting revealed that 
the problem was caused by lost Looper 
flexure acrews. The problem was cor- 
rected and the system successfully passed 
its post-acoustics vertical baseline tests.?4 

The Horizontal Baseline Test was 
completed im September 1970. However, 
three aborts were experienced during 
start-up of the tests. Aa a result, | 
crossover assemblies were adjusted.4! 
After acoustic, vibration, ami pyroshock 
tests were completed, the Development 
Medel was moved from the acoustic cell to 
the vertical imtegration stand and_ the 
shroud removed for visual inspection.4 

By November 1970, the integrated 
Development Model (SDV-ID successfully 
eompleted all functional objectives of the 
A-1 Chamber tests.53 Following Chamber 
A~d tetts, the SOV-[1l was prepared for 
shipment to the hamch pad. All functional 
requirements were met; however, due to 
tracking problems caused by unclean air 
bars, the A-side had only partial success. 

The SDV aystem then completed 
Horizontal Functional and Vertical Pre- 
shipping Tests. The tests, which were 
limited to the Beside because of the erratic 
behavice of the A-side, met functional 
objectives. Operation of the A-side was 
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Sees Subeystern Transporter 


limited to cage/umcage sequences only. 

The system arrived at the Vanden« 
berg Air Force Base on 19 January 1971. 
After the initial operations of mating with 
the launch vehicle, environmental shelter 
verification, alignment verification, and 
battery installation, compatibility besting 
of AGE, SDV electrical, and the Automatic 
Data Processing and Computing System 
were completed.“? The final Phase 3 taste 
were completed by 5 March and inchuded 
an actual operation of the system. 

After completion of all the pad sir 
the Hexagon Camera System (Developm 
Model) was returned to [U0 U ke on 
9 April 1971.97 A short test was 
during which the Camera 5B aside ces 
satisfactorily. However, the coarse film 
path on Side A continued mistracking due 
to intermittent aft steerer operation 
After the tests were completed, the Devel- 
opment Model was temporarily stored. 

In June 1971, the Development Model 
was again placed in operation but tracking 
remained unsatisfactory. It was found that 
a file fold developed at the end of the run. 
Several methods of clearing the problem 
were tried, using the supply unit test set 
and cutting scallops in the film edge, with 
no success. Finally, the unit was removed 
aml down loaded. [It waa once again noted 
that the A side film atack had irregu~ 
larities. 39 

Alter running additional tests on the 
Development Model on the West Coast, the 
unit was subsequently returned to the 
Perkin-Elmer facility in Danbury where it 
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was used as a vehicle for testing new film 
and analyzing mission anomalies. 

At the same time that the various 
models were being assembled and tested, 
the polishing of the optics for the 
Qualification Model and Flight Models 1 
and 2 was nearing completion.40 Assembly 
of the optical bar for the first flight madel 
was also started at this time. 

Ready Room B testing of the Flight 1 
TwoCamera Assembly was started in 
January 1970. Bath film transports were 
operated in the recycle mode with bar-to- 
bar aynchromigation at Vafhb = 0.018 and at 
scan angles of 30, 60, 90, amd 120 degrees 


Flight Model I Optical Bar B 
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aml scan center of G degrees. Upon 
completion of testing, the unit was 
returned fo Manufacturing for retrofit. 


fee Piatt Model 1 midsection was received 


ee 


rom the Satellite Basic 
Se at this time.#! 

The Two-Camera Agetnbly was come 
pleted ami the camera system was tested 
in Ready Room B to establish a previora- 
tion electromechanical baseline for the 
Flight Model 1 Two-Camera Assembly.#¢ A 
final baseline stereo run was made at 
Vs/h = 0.015 and scan angle at 120 degrees. 

At the completion of the atereo run 
in March 1970, the Twom(lamera Assembly 
was removed from the Satellite Basic 
Assembly Simulator and transported to the 
vibration test area. A three-axis vibration 
test was conducted to acceptance levels. 

During these tests, the coarse and 
fine tension sensors in the looper and 
caging status of beth platens and loapers 
were monitored. The caging systeme 
remained caged with no failures. No 
significant anomalies were reported during 
the vibration runs. The Two-Camera 
Assembly was returned to the Ready Room 
for post vibration baseline testing. 

A post vibration stereo run was again 
performed at Vayh = 0.018 and scan length 
of 120 degrees. Film tracking appeared 
good and all gross characteristics of the 


Assembly 









































































































































































































































Flight Model 1 Midsection Undergoing Inspection 
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camera appeared to be unchanged as 4 
result ef the vibration test. 

After the conclusion of the post 
vibration stereo run, a series of engineer- 
ing tests were conducted using special edge 
sensors to determine the cause of the 
anomalous film tracking conditions appar- 
ent at high speeds andfor small scan 
angles. 

A get of stope were made for the 
crossover airbars and installed. This 
produced a marked improvement in the 
tracking performance of Camera B and 
warranted the installation of stops in both 
Fight Model 1 crossover assemblies. 

At the conclusion of the engineering 
teats, the Twa-Camera Assembly was sub- 
jected to light-leak tests. Although the 
light-leak film was successfully threaded 
through Camera A, a severe film jam 
developed in Camera Bumder the slit. This 
was apparently caused by the thicker high 
sensitivity Aim. 

Flight Medel 1 Ready Room B testing 
was completed on 1 April 1970. The Two- 
Gamera Assembly was returned to the 
major assembly area where the optical bar 
A encoder was replaced and realigned. The 
Twolaniera Assembly was then installed 
inte the midsection with the supply and 
delivered to Ready Room A om 10 April. 
The forward section simulator was in- 
atalled amd rom final assembly started 
on 12 April.4 

On 27 April, the light leak test on the 
midsection was accomplished by trans- 
ae SO 380 film onto the midsection 


exposing it for « period of four 
a The film was apooled onto the 


take-up and sent to the laboratery for 


processing. 
encountered. 

The midsection was then prepared for 
vibration testing which was accomplished 
during 5 May. No major anomalies were 
encountered in the test. The midsection 
was then returned to the front of Chamber 
A. for Oinal testing and preparation was 
then initiated for thermal vacuum 
acceptance testing. 

Flight Medel 1 (S/N 002) was ine 
stalled and aligned in the thermal-vacuum 
Chamber A at the beginning of June. The 
operation of the access lock, simulated 


No major problems were 


A HISTORY OF THE HEXAGON P 





take-up and the Chamber forward film 
path was verified. The in-air tests were 
completed and the stereo through focus 
ring were achieved using preprogrammed 
command tapes. The model was then 
removed from Chamber A to investigate a 
tracking problem. A design fix was 
implemented and the model was reinstalled 
in Chamber A. in-air testing was 
completed and preparations were made for 
vacuum testing.45 

S/N 002 (Flight Model 1) began for~ 
mal acceptance tests in Chamber A. The 
70°F and 93°F tests were completed 
satisfactorily. However, an anomaly oce 
curred in the Platen Serve Loop during the 
4TOF test. The Platen was electronically 
synchronized to the optical bar through an 
all digital position servo utilizing optical 
encoders on the optical bar and counters in 
the Platen electronics. Due to spurious 
moise, the Platéen lost count and drove at 
maximum torque through the stops, 
wrapping the film and causing separation. 
as well ag severe mechanical damage to 
the Platen and Film Drive assemblies. This 
appeared to be a serious setback to the 
Hexagon flight schedule. 

A series of emergency meetings was 
held with the Customer and Associate 
Contractors. Perkin-Elmer recommended 
accelerating the next sensor (S/N 003) as 
Flight Model 1 and agreed to attempt to 
complete all in-house assembly and teat in 
three months. 

At that time, a detailed plan was 
formulated for 5/N 003 for Ready Room A. 
and’ thermal-vacuum Chamber A tests. 
Critical test points, EMI testing, and 
midsection vibration testing were elimi- 
nated from the plan to improve the 
schedule. 

During initial film tracking teats in 
the midsection, severe film wander was 
noted in both A amd B film paths. Diag~ 
nostic and visual observation determined 
that the film was wandering at the supply 
film exif vestibule at a once-per~ 
revolution of the supply. It was concluded 
that poor tracking was caused by a poor 
guter section on the film stacks. Chamber 
A preparations were then started for in-air 
testing at rount temperature. 

On 4 August, Fight Model 1 fnow 
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S/N 003) was installed into Chamber A and 
fests started. However, a series of 
problems forced the Chamber A tests to be 
aborted on 25 August, Him jams being the 
most serious of these problems. 7 

A post-abort investigation ae 
that Camera A was jammed in the fine 
film path.48 ‘The steerer electronics were 
ehecked out and no anomalies were 
identified. The supply stacks were smooth 
and appeared normal in all respects. 
Several corrections were made including 
the installation of a mew supply, new 
crossover assemblies of improved design, 
and replacement of the aft articulator 
assembly. 

By 20 September 1970, a slow turn-on 
was completed and the midsection was 
installed in Chamber A. The very next 
day, tracking difficulties with the chamber 
film path resulted in a decision to 
discontinue testing with the chamber Nlm 
path and to continue tests with an 
Engineering Model take-up in the forward 
section simulator. A successful turn-on, 
leak test and 70°F vacuum mms were 
accomplished by 25 September. 

A major milestone was reached in 
October when Flight Model 1 successfully 
completed Chamber A acceptance testing, 
a series of customer-directed chamber 





tests, and horizontal and vertical baseline 
tests.49 After acceptance by the cus~ 
tomer, Flight Model 1 was shipped to 
Building 156 on the West Coast on 


19 O&taber 1970. 


The sehedule recovery for the frst 
flight, by accelerating the second produc~ 
tion sensor, is just one indication (perhaps 
the most remarkable] of the dedication and 
achievements of the Perkin-Elmer Hexagon 
team. It required around the clock, seven 
days a week activity by all concerned. Jn 








Flight Model 1 Prior to Installation in Chamber A 
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addition, Engineering had to determine the 
cause of S/N 002 failure, design and 
implement a fix, and retrofit the sensor. 
AD this occurred smoothly and in an almost 
routine manner. 

The initial contract called for the 
firat flight in December, 1970; it actually 
eecurred in June, 1971. Perkin-Elmer‘s 
goal was to design, manufacture, assemble 
and test the first Hexagon sensor in 44 
mouths with 6 months for integration and 
pre-launch activities. Flight Medel 1 
sensor was delivered in 48 months -- quite 
an accomplishment considering it was also 
necessary to construct a facility and hire 
any of the people, as well as design, 
build, and test a state-of-the-art system. 

Small wonder that Hexagon isa con~ 
sidered ome of the engineering achieve- 
ments of our timel 


le March 1965, Perkin-Elmer was 
contracted by the CIA to continue the 
optical design of a reconnaissance camera 
system started by Itek in mid-19604. After 
an eight-week study, Perkin-Elmer sub- 
mitted a proposal (Protem) which 
recommended a slight change in the optical 
bar configuration ta permit the use of a 
fused quartz folding mirror in place of the 
original beryllium mirror in the event that 
the latter, whose success was samewhat 
speculative, proved to be unacceptable.! In 
addition, the proposal included a recom 
mendation for an investigation of the 


Hexajon Optical Configuration 


A HISTORY OF THE H 


dimensional stability of beryllium and 
eg relatiy material 


produced the 
ee 
ee P ‘, "I “ 
Lightweight miirror canfigurations 
were also a subject of a meeting held at 
Ttek on 29 october 1964 when its engineers 
were faced with the problem of selecting 
an optical material for the “optical bar* 
design. A major participant of that meet- 
ing, Frank Cooke, was invited to present a 
state-of-the-art look at the fabrication of 
lightweight mirrors. 


Primary Mirror Blank 
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Perkin-Elmer, however, had kept 
abreast of the state-of-the-art in 
lightweight mirror construction. Dr. Harry 
Polster, a Perkin-Elmer physicist, had 
previously written a summary paper “6a 
lightweight mirrors which was presented at 
a symposium at the Wright-Patterson Air 
Force Base in 1962.7 

Before Perkin-Elmer became in- 
wolved in the “optical bar* study, the CIA 
hed already funded some optical 
fabrication studies at Perkin-Elmer. In 
March 1965, additional work was con- 
tracted (RD-2059) to conduct varicus 
atudies, experiments, and analyses in the 
development of new optical fabrication, 
coating, and testing techniques.4 These 
included continuous polishing, selective 
coating, optical test techniques, and image 
quality studies. 

The “optical bar" design consisted of 
a full aperture (20-inch) aspheric 
corrector, an £/3 spherical mirror 26-1/2 
inches in diameter, a perforated folding 
flat 20-1/2 inches by 30-1/2 inches, and a 





Hs TOP SEGREF 


group of refractive corrector elements of 
relatively small diameter (6-3/4 ta 1) 
inches) near the focal plane. 

With the exception of the folding Nat 


‘and the apherical mirror, the optica were 


not different in size or quantity 
requirements from those being routinely 
produced at Perkin-Elmer. Even the 
spherical mirror did not present any 
particular problems with the availability of 
precision test methods which were being 
developed at that Hme. The perforated 
flat, however, presented a significant 
problem due largely to its non-circular 
shape and the presence of a central hole. 
Perkin-Elmer's Hexagon proposal 
noted the difficulty of producing the 
folding flat mirror. “Normal polishing 
techniques for producing a flat aptical 
surface involves reciprocating the flat on a 
rotating polishing lap. The reciprocating 
motion, which is necessary since the center 
ef the lap polishes more slowly than the 
edge, produces an overturning torque on 


the flat which further tende to drive the 


Hexagon Optical System Components 


Hs TOP-SEC 
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flat surface toward a sphere. A large part 
of the “art” in optical processing is the 
ability of the optician to minimize this 
effect, which can be done te various 
degrees of success for circular pieces. 
However, the ability to process a4 
non-circular plece to a high accuracy is 
virtually impossible by this technique. 
Schemes such as blocking an extra glass to 
simulate a circular shape, differential 
loading, or extremely light loading; are at 
best compromises which generally have not 
produced satisfactory results." Perkin- 
Elmer proposed the use of fused silica of 
drilled cor construction for both 
the diagonal (folding flat) and the primary 
murror. 

The Perkin-Elmer Hexagon proposal 
included a description of the continuous 
polishing technique which eould produce 
perforated folding flats with the accuracy 
required. In addition, the proposal de- 
scribed new developments: in selective 
coating and hologram interferometry. 

By the time Perkin-Elmer was 
awarded the Hexagon contract (October 
1966), a 48-inch continuous grinder was 


producing flat, fine ground surfaces of high 


quality, and a 48-inch polisher was 
producing optical Nats of high quality (la 
lf-inch quartz dise was polished to 1/50th 
of 4 wave). In addition, a 96-inch 
eontinusus prinder and a 96-inch polisher 
were being placed in operation at 
Perkin« Elmer. 

_ After fabricating the necessary 
Optics for the Mass, Thermal, and 
Engineering Models, the optical manu- 
facturing department was ready to go into 
full production. Perkin-Elmer successfully 
produced all the optical elements for 20 
flight models, in addition to supplying all 
the optical elements for the Hexagon 
Camera test equipment. This was accom- 
plished without any significant technical or 
schedule problems. 

The progress of the fabrication of the 
optical elements is reported in the Sensor 
Subsystem Monthly Technical Reports. A 
tore complete and continuous picture of 
the development of the new optical 
techniques and the ey of the 


by a review oft ' 
(starting with 


Bimeekly TWX Repbrrincs 
2689, 27 August 1965). 


BIP 007+-0253-85 
HANDLE VLA BYEMAN 
CONTROL SYSTEM ONLY 



































Approved for Release: 2016/12/07 C05096580 
































Approved for Release: 2016/12/07 C05096580 





NRO APPROVED FOR 
RELEASE 17 September 2011 
4 RELATIONSHIPS AND INTERFACES 
WITH ASSOCIATE 
CONTRACTORS AND SUBCONTRACTORS 


ASSOCIATE CONTRACTORS AND 
RESPONSIBIL 


When the Hexagon program was in 
the planning stages, the 
aerospace/reconmalssance community 
included several major companies! Perkin- 
Elmer, Eastman Kodak, Itek, Thompson- 
Ramo-Woolridge, Radio Corporation of 
America {sensor subsystems); Lockheed 
Missile and Space, Martin-Marietta, 
Hughes Aircraft, McDonnell-Douglas and 
General Electric (spacecraft); and General 
Electric and AVCO (reentry vebicles). 
Eastman Kodak, of course, supplied all the 
reconnaissance film. 

The CLA‘'s initial contract (1964-1965) 
for the fourth generation reconnaissance 
system (then codenamed Fulcrum) was 
awarded to four companies: tek was 
gelected to design and produce the camera 
poiyload, General Electric was to design the 
spacecraft, and the AVCO was awarded the 
reentry wehicle conteact and TRW was the 
System. Engineering and Assembly 
contractor. 

it was during this time frame that 
the government policy decision to assign 
the roles of the Air Force and the CIA in 
the reconnaissance activity was being 
formulated. After Itek withdrew from the 
CIA Pulcrum Program in February 1965, 
they worked on the Air Force version of 
the fourth generation reconnaissance 
system code named §-2. The CLA selected 
Perkin-Elmer to continue the camera 
design started by Itek. 

The government policy decision to 
assign the spacecraft to the Air Force, and 
the reconnaissance senaor payloads to the 
CLA, negated the CIA comtracta awarded to 
General Electric, and AVCO. 

This brought all the players back to 
square one. A competition for the new 
reconnaissance system fnow codenamed 
Hexagon) was established and a Request 
for Proposal waa released to selected 
companies. 


Om 16 Octeber 19646, Perkin-Elmer 
was awarded the camera payload contract, 
Lackheed won the spacecraft contract, and 
the reentry vehicle contract was awarded 
te McDonnell Douglass These were the 
major participants in what was to be the 
most complex reconnalssamece system ever 
envisioned. 


SELECTION OF SUBCONTRACTORS 


Perkin-Elmer's procurement planning 
for the new reconnaissance system began 
in September 1964, when it got involwed in 
Phase IT of the Fulcrum program. In May 
1965, a technical report was prepared 
identifying subcontractors and vendors 
suited to Fulcrum program requirements 
Tt listed 20 technical consultants and over 
100 wendors.* 

By the time the Hexagon Request for 
Proposal was sent to Perkin-Elmer in May 
1966, procurement policies had already 
been established for the program, and 
vendors that would participate had already 
been contacted and surveyed. The eed 
subcontractors identified in 

i posal included the ent 
Pennsylvania, 


Massachusetts. 

initially, the Purchasing Department 
not only processed the requisitions for 
components and small machined parts, but 
was also involved in the selection of major 
Subcontractors for the larger structures 
and assemblies. Later, as the program 
became organized, a Subcontracts Depart- 
ment was created. It was decided that the 
Purchasing Department would process 
orders for fixed price items, and the 
Subcontracting Department would handle 
the larger parts requiring other type 
contracts. The dollar value of the ham 
was also a consideration. The exception to 
this arrangement was the raw glass, 
purchased on a fixed price basis, which was 
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handled by the Subcontract Department.3 

Ome of the most difficult problems 
confronted by the customer and Perkin- 
Elmer was the processing of millions of 
dollars of purchase requisitions and 
subcontract work without divulging the 
pierpose or function of the purchased parts. 
To assist in this process, Perkin-Elmer 
formed a dummy corporation, JETEC. In- 
voices from amid payments to the major 
subcontractors were “laundered* through 
this dummy corporation ta conceal the 
amount of work involved between the 
various companies and Perkin-Elmer. 

It was necessary, in some cases, to 
provide program acces to some of the top 
managers of the various vendors and 
subcontractors, but this was held to a 
minimum. <A security evaluation of sub- 
contractors was prepared in September 
1967 listing ten companies: When it was 
necessary to establish secure areas in 
gubcontractor’s facilities, Perkin-Elmer 
security officers determined if the secure 
areas and procedures were sufficient to 
prevent compromise of program knowl 
edge.* 

By December 1966, just two months 
after the award of contract, Perkin-Elmer 
vendors and subcontractors were engaged 
in preliminary studies and fabrication of 
parts for the various Sensor Subsystem 
models. One year later, the Perkin-Elmer 
Subcontractor team was in the initial 
stages of fabricating and assembling parts 
for the production models. 


Fabrication of Frame 


Take-Up Assembly 


Test Set-up for Take-Up Assembly 
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A wonthly status report was prepared 
by the Subcontracts Department. The June 






















































































A general understanding of Perkin- 
Elmer's initial Involvement with vendors 
and subcontractors can be gained by the 
following excerpt of an interview with one 
of the early purchasing agents on the 
Hexagon program. 

"Initially we were involved in getting 
a lot af breadboard hardware and preli- 
minary quotations and backup material. I 
remember, in particular, a requirement for 
fiberglass replicas of the take-up con- 
tainers. They were spinnings from hand- 


laid fiberglass cans. We also purchased 

breadboards of the Optical Bar tube struc~ 

tures before we get into actual hardware. 
hs Banat — agree ore 


_ ca i. : saa ina “They tao "aid a lo 


The 


weed Cppereen trae 


eee fabrica 

Electron ¢ parts were 
fils rere re peep i eti 
cataloak mostly Ustribator stuff... that 
was before the need for high reliability 
parts. 

We worked a lot with hand sketches 
in the early days. The prime example are 
the wacuum chambers. The original con- 
cept fox this equipment + 
sketches. Ag overt: 
Pitteburgh and also _ 


dollars for the whole thing. 
We did similar things for the frame and the 
optical bars tubes and other major atrac- 
tures. 

After the award of contract to 
Perkin-Elmer, preliminary drawings were 
released and we selected the most quali- 
fied sources. based on their response to our 
request for quotes. A good mumber of the 
original key vendors atill exist and are still 
involved on the Hexagon program.* 


DEVELOPMENT OF INTERFACES 


The techniques. used to manage inter 
faces on major aerospace programs were 
‘fairly well established by the beginning of 
the Fulcrum program (Phase J im 1944. At 
the time a government agency released a 
Request for aig for maeian ub equip+ 


panies include an Interface Requiréments 
Section in their proposal. The agency later 
used this information to develop an 
Interface Requirements Document (RD) 
which it included in the final contract. 

This document was used as a basie for 
establishing interfaces between associate 
¢ontractors on the program. Agreements 
reached by interfacing contractors were 
decumented in an Interface Control Docu- 
ment (CD). The ICD is essentially an 
agreement between associate contractors 
amd forms the basis for the responsibilities 
and actions of the two companies. 

Interface Working Group ({FWG) 
Meetings, which covered specific disci- 
plines (i.e. electrical, thermal, etc.) were 
held between associate contractors: Dur~ 
ing these meetings, the contractors 
reviewed, line-by-line, the cantents af the 
particular ICD being discussed. After both 
parties were satisfied, the ICD was then 
signed. 

When Perkin-Elmer first became in« 
volved in the Fulcrum program (September 
1964) it collected all interface information 
provided by the customer in a System. 
Specification Book.! This book was later 
used as a basis for the AD HOC Specifi- 
eation Book which was started after the 
custouer switched their reconnaissance 


isch 1965.2 

Soon after, the customer sent a TWH 
message to the spacecraft and re-entry 
vehicle contractors (General Electric and 
AVCO) instructing them to convey to 
Perkin-Elmer complete details of all 
aspects of the Fulcrum Program.4 A 
meéting of these companies and Perkin« 
Elmer was held on 1 April 1965 to dizeuse 
interfaces. Additional interface meetings 
were held later in 1965, however, these 
meetings were for information purpose 
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enly and did not form the basis for any 
ICDs. 5 

During a Perkin-Elmer techsical re~- 
view meeting with the customer in Decem- 
ber 1965, an organization chart of the new 
division (which would be established if 
Perkin-Elmer was successful in winning the 
Hexagon Sensor Subsystem contract) was 
presented.? It included an Interface and 
Liaison Control Group which would report 
directly to the Hexagon Sensor Subsystem 
Program Manager at Perkin-Elmer. This 
was the puclews of what later developed. 
into the Hexagon Program Interface Group. 
During @ reorganization in early 1967, the 
Interface Group became a part of the 
Systems Engineering Departments 

The Request for Proposal issued by 
the government in May 1966 for the 
Hexagon Sensor Subsystem contract in« 
eluded the following references to inter- 
faces.’ “The Contractor shall perform 
vunalyses: and studies necessary to provide 
the Procuring Agency with detailed func- 
tional and physical interface requirements 
and constraints to be included in the defi- 
nition of interfaces between the Sensor 
Subsystem and the Satellite Basic Assem- 
bly, Recovery Vehicles, Stellar/Index 
Camera, and Space Vehicle AGE/facilities. 

After the approved interface docu- 
mentation bas been contractually imple 
tented ag part of the Sensor Subsystem 
Performance Specification, the Contractor 
shall eneure that the design, as it evolves, 
complies with the interface requirements. 
Design changes which affect the interface 
shall be submitted to the Procuring Agency 
foe approval. 

The Contractor shall support the Pro- 
curing Agency in interface meetings with 
other Agencies and Contractors as required 
to negotiate interface changes proposed by 
either side and to resolve other interface 
problems as they arise. In this context, the 
Contractor shall assist the Prescuring 
Agency im evaluating interface changes 
proposed by other agencies with particular 
emphasis upon the impact of the change on 
the Sensor Subsystem performance and 
design, test program, delivery, schedule; 
and cost.” 

Prior to the award of contract 
(10 October 1964) the Perkin-Elmer Inter- 


face Group issued a preliminary Interface 
ail Liaison Program Plan which identified 
its functions and plans for conducting 
interfaces activities on the Hexagon 

2 This was later used as the basis 
for the Interface Management Manual and 
Interface Control Procedures Document.!0 
The group had previously prepared the 
interface requirements which were in« 
eluded in Perkin-EKimer’s Hexsgon Proposal 
to the customer in July 1966.1 

On 26 October 1966, George KR. Gray, 
who headed the Interface Group until 1977, 
released a "kick-off" memorandum estab« 
Ushing preliminary interface meetings.!2 
However, he would be working under a 
handicap since the satellite vehicle and re- 
entry vehicle contractors had not been 
selected. (The General Electric and AVCO 
contracts on the Fulerum program had 
been canceled by this time). 

The first SSC/SBAC (Perkin 
Elmerf/Lockheed) informal discussion was 
held on 309 August 1967 to acquaint 
Lockheed with the general arrangement of 
the Senace Subsystem and to obtain 
information on Lockheed's concepts in 
various mechanical and structural 
interfaces on their satellite vehicle.15 

This interface activity was reported 
in Perkin-Elmer’s Monthly Technical 
Report to the customer (September 1967). 
This was the first Interface Group input to 
this report. Monthly Interface reports 
continued until July 1969. 

The customer released the Interface 
Requirements Document (IRD 501) in 
March 1967.4 ‘The document identified 
Sensor Subsystem interface requirements 
with respect to other associate contractors 
which included Lockheed (Satellite Basic 
Assembly}, McDonnell-Douglas (Recovery 
Vehicle), and Itek (Stellarfindex Camera). 

Two basic categories are covered in 
aerospace interface documentation; (1) in- 
terfaces of the flight hardware and 
(2) interfaces of assembly and verifica~- 
tion, which includes interfaces of ground 


support equipment, special test equipment, 
and the manufacturing and test facilities: 
Within this grouping there exists a matrix 
ef interfaces divided into four four 
disciplines; Structural, Mechanical, Elec- 
trical, and Thermal. 
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As previously mentioned, the IRD is 
used as a basie for discussion between 
contractors to preduce an Interface 
Control Document (CD) which covers a 
particular area (e.g., Electrical). The IRD 
S01 would be used as the controlling 
document until the customer and Perkin- 
Eimer agreed that the ICD's adequately 
identified all the interfaces. Particular 
paragraphs in IRD 501 would be retired as 
ICDs were approved. 

The Perkin-Elmer Interface Group 
worked with the associate contractors to 
produce ICD's in a timely manner in 
support of the program schedule, but at the 
same time was careful that the documents 
were as complete and accurate as possible 
before being released. Changes to an ICD 
were very costly and would have impacted 
the schedule. 

The first 55/RV (Perkin- 
Elmer/McDonnell-Douglas} IGD discussion 
was held in June 1968. The 55/RV ICD was 
signed on 4 October 1968. By March 1969, 
toost of the ICD's on the Hexagon program 
were approved. A Sensor Subsystem Criti- 


cal Design Review, held that month, listed 
37 SS/SBA and 12 SS/RV ICD's./5 

From the beginning of the program in 
1964, SETS lewstomer technical consultant) 


acted as thelr interface manager. On 9 
July 1968, Perkin-Elmer was informed that 
full responsibility for interface manage- 

ment on the program would be transferred 
to Perkin-Elmer with Arnold Wallace 
designated as the SSPO Interface 
Manager.+ The customer memorandum 
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indicated that a substantial part of the 
interface activity waa completed and 
meted, “Although there has been con- 
_ siderable recent interface activity, this 

“net terminate interface work. I is 
anticipated that the number of unresolved 
interface arcas, and the very large number 
of numerical ICD values marked, ‘To Be 
Determined’, together with upcoming RV 
interface problems and others that develop 
as designs become more complete, will 
require interface activity to continue at a 
moderate high level for at least six months 
and taper off somewhat thereafter." 

During an interview, George Gray 
noted that the cooperation between the 
associate contractors was responsible for 
the effective manner in which the 
interface meetings were held.!7 He 
attributed this to the people that had been 
selected to work in this area and stated, 
“The end product of all interface activities 
and meetings is the signed ICD. Since this 
phase of engineering deals with informa 
tion that becomes legally binding, the 
documents must be clear and concise and 
not subject to various interpretations. 
Personnel in this area must be good 
negotiators since they must deal not only 
with engineering personne! in their own 
company, but also with representatives 
from other companies.” 

The success of the ICD's and the 
working group was demonstrated by the 
fact that the first flight unit wax 
integrated with only one minor glitch on 
one wire. 
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daiegh ae PROV ED eOR 


Hx TOP-SEERE 


5 SYSTEM INTEGRATION, LAUNCH, ORBITAL 
OPERATIONS, AND RECOVERY 


DEVELOPMENT OF THE 
WEST COAST FIELD OFFICE 


The West Ceast Field Organization, 
which sopported the Hexagon program, had 
its beginnings in the fall of 1966.1 The 
group was formed as part of an overall 
Test Department and was located at 77 
Danbury Road, Wilton, Connecticut. The 
initial responsibility of this group was to 
develop a preliminary plan for the test, 
evaluation, ani operation of the Hexagon 
Sensor Subsystem. 

In Nowember 19467, Michael Maguire, 
who at that time was Director of Opera- 
tions on the Hexagon program at Perkin- 
Elmer, hired Charles ©. Bryant as the 
Department manager of Field Operations. 
Bryant, whe previously worked at the 
General Electric Company when it had the 
satellite wehicle contract on the Fulerum 
program, had many years of experience in 
the reconnaissance community.* Bryant 
realized that for Field Operations activity 
to be affective, it had to report directly te 
the Director of Operations and accepted 
the position on the condition that Field 
Operations was elevated to department 
lewel. 

After the reorganization, the Field 
Operations Department began to develop 
the flow diagrams for the field testing of 


the Sensor Subsystem, the interface con-° 


trol ler ecient and equipment require- 


were made by Field Operations personnel 
between the East Coast and the West 
Coast to establish a working arrangement 
with the associate contractors on the 
program; Lockheed and McDonnell Doug 
las. 

Lockheed was in the process of 
building 4 new facility for the assembly 
and checkout of the Hexagon System. 
Perkin-Elmer requirements were incorpo- 
rated into the building layout. The 
Lockheed facility, located at Moffett 
Field, Sunnyvale, California was known as 


Meanwhile, the new Perkin-Elmer 
Danbury facility was completed at Wooster 
Heights and the Field Operations activity 
was moved in March 1968. Additional 
people joined the Field Operations Depart~ 
ment at that time. William Cottrell, an 
engineer who previously worked for the 
CIA on another reconnaissance program 
amd had security access to the Hexagon 
program, joined Perkin-Elmer as manager 
of the West Coast office. 

















































































































Departure of Bill Cottrell (left) from 
Perkin-Elmer. Frank Horrigan, Jr. 
feenter) and John McNerney 


The first Field Operations employed 
on the Hexagon program who was sent to 
the West Coast on a permanent transfer 
was Harry Loper, Administrator of the 
Field Operations Department. He leased 
and furnished a “white” office on Saratoga 
Avenue in San Jose, Callfornia which 
became the base of operations for the 
Field Group for almost two years. This 
office was later mowed to Santa Clara 22 
July 1968. The office remained in opera 


for the “white" business. office expired. 
The "white" Field Operations Office was 
moved to a location within a building 
gocupied by the Ultek Division of Perkin- 
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TAKE - 


ae 





_A HISTORY OF 


Factory to Pad Build-Up Sequence 


Elmer in Mountain View, California. #5 

Bryant, Cottrell, and the smail 
tucleus of Field Operations personnel 
began to develop the integration and test 
procedures that would be required to 
assemble the Sensor Subsystem and the 
reentry vehicles to the satellite vehicle on 
the West Coast, and conduct all the tests 
necessary prior to the delivery of the 
Satellite Vehicle and payload to the launch 
pad at the Vandenberg Air Force Base. 

In addition to managing the Field 
Operations activity, Bryant and Cottrell 
interviewed and hired over 100 skilled 
engineers and technicians. A large number 
of these hires were people acquired from 
two companies. The MOL program had 
been canceled and a growp of people from 
General Electric were bired from that 
program. Another large group came from 
Hiller aircraft when their operation phased. 
outs 


In February 1969, a amall group of 


Hx $OP-SECREP 


Field Operatio 

temporary (olack") offices o> in 
and by November of that year, the entire 
organization lexmept for East Comet 
representatives) was moved to its perma- 
nent location in the Lockheed Building.®:7 

Soom after, test equipment and test 
stations began to arrive from the varicus 
subcontractors and Perkin-Elmer, including 
the RV test set, the electrical simulator, 
and sumerous handling devicea and equip- 
ment. 

In the meantime, ataffing of the field 
office at McDonnell-Douglas was planned 
to begin in May 1969. This office was 
established to support the assembly and 
testing of the take~ups in the reentry 
vehicles peing manufactured by MeDonnell 


During the Hime that the Sensor 
Subsystem was being fabricated, aseem~ 
bled, and tested at Perkin-Elmer in 
Danbury, West Coast Field Operations 


L352 
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Space Launch Complea-d East (5140-48) 


(WCFO) engineers and technicians periodi« 
cally visited the facility to assist in testing 
the Development and Flight Models. In 
addition to providing assistance to the 
production program, WCFO personnel re= 
eeived practical training in handling and 
aperating the Sensor Subsystem before the 
titlela were shipped to 

The ftitet unit shipped to the West 
Coast was the Mass Model. Jt arrived at 
in 8 April 1969. Final tests on 
this wait were completed in mid-March 
1969. Almost one year to the day, on 10 
April 1970, the Development Model arrived 
This model would enable 
the Wr Q personnel to put the assembly 
atid teat facility through its paces — the 
initial "shakedown cruise”. 

The Development Model [SDV-3) was 
processed through the tests as if it were a 
flight model. The purpose was to verify all 
the test Interfaces and procedures. WCFO 
personnel worked 12 hours a day, seven 
days a week. It required over eight months 
to complete all the teste and exercise the 
facility and the equipment. Finally, the 
Development model was shipped to the 























Varelenberg launch pad on 19 January 1971 
and remained there for three montha 
undergoing various tests and rehearsals. 


FINAL ASSEMBLY AND TESTING OF 
FLIGHT MODEL. 1 (SV¥-1) 


On 19 October 1976, Sensor Sab- 
system, Flight Model 1 was transported 
from the Perkin-Elmer Danbury facility to 
the Bradley International Airport, Hart- 
ford, Connecticut and loaded into a C1236 
cargo military aircraft.! (Prior to 
December 1969, all air shipments departed 
from the Stewart Air Force Base, 
Newburgh, New YorkJl1:12 Plignt Model 
1 arrived safely at the Naval Air Base, 
Moffett Field, Sunnyvale, California and 






allowing a physical inspection and 
optical alignment of Flight Model 1, the 
take-up simulator was installed and 
preparations for the Receiving and 
Inspection (R&I runs were completed. A 
slow turn-on was initiated on 24 October, 
however, miscellaneous problems 


153 
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Loading of C-133 Military Transport 


delayed the start of the R&I test sequence 
until 26 October. 

The first series of tests in Block I of 
the System Command and Control were 
completed without incident, but transfer to 
System Command and Control Block I was 
urmuccessfal. Tt turned out to be a com- 
mand sequence problem and not a Sensor 
Subsystem problem. However, as a result 
of command sequence errors, the system 


went inbo an emergency shutdown condi- 
tion, resulting in a film jam (the first on a 


Find 


A HISTORY OF THE HE 





Sensor Subsystern Recetved 
at West Coast 


Flight Medel at the West Coast), On 30 
October, the R&I teat sequence was again 
underway. 

On 3 Nevember, the supply was re~- 
maved for reloading. The supply was also 
reworked to correct some keown mimor 
discrepancies amd to retrofit the repres< 
surigation valve. While it was on the hoist, 
the supply was struck by SBAC's dolly 
tractor, causing a small dent in the supply 
cover. Post loading teats, including the 
pressure and caging tests, were rerun 
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satisfactorily. It was decided to reinstall 
the fupaly assembly into the midsection “as 
ig. ® 

System verification sequences were 
performed and approximately 50 percent ‘of 
the R&I sequences were completed by 10 
November. At that time, the tests were 


jenkace other components ‘with inapecead 
designs. Upon completion of the retrofit, 
film path presqurization and tension were 
reestablished. 

On 18 November, the Sensor Sub- 
system ($5) creep in manual SSTC at 5 
inches per second was completed with na 
problems. At the start of the fourth run, 
the system shifted into maximum rewind. 
The system was powered down, at which 
tite it accelerated to maximum forward, 
resulting in a filya jam. This resulted in a 
change to the system operating procedure. 

The supply was removed from the 
midsection on 20 November. Several wraps 
in reverse position were noted on the film 
apool, along with loose material on the 
bottom of the supply. The supply was 
down-loaded for repair of the brake pads, 
caging straps, and verification of both A 
and B drives. The supply waa reinstalled 
inte the midsection on 25 November for 
the completion of R&I testing. 

While Flight Model I was being tested 
the first in~orbit rehearsal 
was im progress at the Satellite Test 
Center (the Blue Cube). These rcheareala 
continued from 9 ‘prember 1970 to April 
1971 (total of five).4 

After R&I teste and final changes 
were completed on the midsection, Flight 
Model I was turned over to SBAC (Satellite 
Basic Assembly Contractor) for mating to 
the SV-1 Forward Section and the Satellite 
Vehicle, on 4 December 1970. The mating 
progressed amoothly: 

SBAGC's aft section testing, using the 
Sensor Subsystem electrical simulator, 
continued until 20 December, during which 
time a number of problems were encoun- 
tered requiring electrical box replacement. 
A ereep test and a vertical baseline test. 
were completed with no anomalies. 

SEAC continued troubleshooting and 
mcduleé testing witil 31 December, when 
the vehicle was installed in the horizontal 


S¥-J Mated in Vertieal Integration Stand 
(Shroud is Shown. on Right-Harwi Side) 


S¥-1 in Acoustics Chamber 
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test stand. 

AU fumectional objectives were met 
when SY-L completed the horizontal base- 
line and tiigsion profile tests. iring 
acoustic preparations, the thermal blankets 
were installed, the cables were tied, and 
the alignment mirrors om the articulator 
were removed.’ 

The pre-acoustic vertical baseline 
waa successfully completed on 21 January 
1971 followed by the accustics environ- 
mental test on 22 January. The system 
was then moved to the vertical test stand 
for post acoustics functional test. Inspec- 
tion of the Forward Section was completed 
with oo visible discrepancies. The post 


Sensor Subsystem in the Horizontal 
Holding Plrture (Tit Dolly) 


Installation of Sensor Subsystem 
inte the A-2 Vacuum Chamber 


AHI 


cessfully completed with no anomalies. 

Acoustic vibration exposure ard post 
acoustic tests in the vertical integration 
stand were completed on ¢8 January. All 
test objectives were met. During Chamber 
A-l (thermal-vacuum] preparation, several 
retrofits were performed.8 However, 
there was a change in plana, and Chamber 
A-2 tests were scheduled before Chamber 
A-1 tests. 

Chamber A-2 preparations were com=< 
pleted and the SV-1 was installed in 
Ghamber Ard on 17 February, The in-air 
testa were completed and the film was 
retrieved on 18 February. A builder rolier 
problem was discovered on A-side of RV=1 
and a decision was made to transfer to 
RV-2 and continue Chamber A-Z tests. 
The chamber reached temperature stabili«- 
zation, confidence runs were completed, 
and the test sequence was started on 24 
February. 

By the end of March, Chamber A-2 
photographic testa were completed. S¥V-l 
was installed and instrumented in Chamber 
A@l and thermal tests were completed with 
no real time anomalies. The chamber was 
then repressurized in preparation for 
removal of SY-1.? 

The film was then retrieved from all 
four recovery vehicles. A film foldawar 
was noted in the RV-1 take-up (A-side). 
The foldover occurred about halfway 
through the inadvertent 47-minute run and 
corrected itself without causing at 
emergency shutdown. Film wedging was 
determined to be the cause of the 
problem.10 

Horizontal preshipment tests were 
successfully completed and Red day of 
launch countdown were completed during 
the vertical preshipment tests. At that 
time, a decision was made by the customer 
to replace the slit and shutter on both 
platens of SV-1. The system was placed in 
a horizontal poeition and the crossaver 
assemblies, film drives, and platens were 
removed. The platen assemblies were 
returned to the Perkin-Elmer Danbury 
facility on the East Coaat. 

The platens were reworked and rein 

Tracking testa were 
Started; however, the A-side platen did mat 
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funetion properly. Film drive A was 
removed and the platen caging mechanism 
was discovered to be damaged. Since it 
was no longer used, the mechaniam was 
removed and the film drive reassembled. 
Tracking tests were performed and the 
file was recovered. 

An abbreviated Chamber A-2Z test 
was completed with no real time 
anomalies. SV-l was removed from the 
chamber ond the film was recovered. 
Horizontal preshipment preparations were 
eompleted successfully and SV-1 was 
moved to the wertical integration stand. 
Abbreviated vertical preshipment tests 
were then run.ll 

On 4 June 1971, Shipping Certifi- 
cation for SV-1 was approved certifying 
that, "SV-1 has satisfactorily completed all 
required testing and flight preparations at 
the SBAC facility and ia ready to ship to 
the Vandenberg Air Force Base (launch pad 
SLC-4E) for final flight preparations."12 
The Sensor Subsystem was caged and the 
S¥=-| was transported to the launch pad. 
Prelaunch sequences were accomplished 


without incident and a flight readiness 
belay concluded that SV<-_ was ready for 


‘eter 8 June 14, 1971,_ 
signed the Launch Certific : “WE On 
for S¥V-l indicating that “"SVel has 
satisfactorily completed. all required test 
ing amd flight preparations at VAFE and is 
feady te continue into the final countdown 
ami upon successful completion af the 
countdown to launch."14 


MISSION ACTIVITIES 


SV-1 was launched into « sear 
perfect polar orbit on 15 June 1971. 
Camera diagnostics were nominal im ovedi- 
ately after launch and the camera became 
operational on 16 June. By 20 June, 
approximately 20,000 feet of film had bean 
accumulated on each side of the RV-1 
take-up.l RV-1 was separated from the 
satellite and made a normal entry into the 
earth's atmosphere. However, because the 
parachute was damaged, no attempt waa 
made for air recovery. The capsule was 


Launeh of the Hexagon Satellite Vehicle 


is? 
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Hexagon Satellite Vehicle 


allowed to land in the water where it was 
reteleved by scuba divers and a helicopter. 
RV-1 arrived at the despooling facility on 
21 June and processing was completed the 
following day. After film despooling, the 
take-up assembly was removed from the 
RY and tested. These tests indicated no 
obvious deterioration due to launch, orbital 
Operation, or recovery. 

RV-2 was recovered on 26 June after 
accumulating 26,100 feet on each aide af 
the take-up. 

Operation of RV-3 was completely 
routine and it waa loaded with approxi- 
mately 27,000 feet of film on each side.® 
On 10 July 1971, RV-3 was lost in the 
water when the main parachute failed to 
open. Due to the chute problem, limita= 
tlons were placed on the amount of film ta 
be loaded into ERV=4 which was recovered 
in air on 16 July with 13,000 feet of film 
om each side. ; 

Four emergency sinit<lowns (E5D’s) 
occurred during the SY-1 mission. The 
first occurred on § July (revolution 314) 
when the B-dide looper struck the stops. A 


eonstant éleared this 
problem.3 

Again on 10 July (revolution 402), a 
B-side ESD securred due to loss of film 
tension at the take-up assembly. A 
constant velocity run restored tension, and 
the system was returned to operation. 

On 13 July revolution 450), the third 
ESD occurred, apparently due to a film jam 
in the B-side film path. A series of “mini- 
creeps” failed to clear the problem. A plan 
for operating the system in reverse was 
proposed but decided againgt. The film 
was "jerked", but the problem persisted and 
was diagnosed as a stuck drive capstan. A. 
recycle was recommended ag the only sale 
way te reverse film directian at the drive 
capstan. The recycle was executed and the 
problem clearad. Operational photography 
resumed. 

The fourth ESD occurred on revolu- 
Hon 492 due to a command decoder 
problem. The system resumed immediate 
operation. 

After separation of RV-4, the "sole" 
phase fengineering testa) of the mission 


velocity run 
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Separation of RV's from the Hexagon Satellite Vehicle 
The Navy proposed the use of the 


was initiated. Sensor Subsystem participa~ 
tien in this phase included optical bar 
hearing tests, operating through 59C~d2, slit 
width teats, aod focal plane position tests. 
"Solo" tests continued until 6 August 1971 
when the vehicle was returned te the 
earth's atitiosphére and destroyed: 


RECOVERY OF 
THE LOST RY=3 


On 27 July 1971; even as SV-1 was 
still in orbit, a planning meeting was held 
to recover RV-3 waich was reported to be 
in the Pacific Gceas approximately 360 
mules aorth-nortliwest of Fearl Harber, 
Hawall at a depth of 14,400 feet. Attend- 
ing the preliminary meeting were repre—- 
sentatives from the customer's office, 
Perkin-Elmer, MecDennell Douglas, East- 
man Rodak, and the U.5. Navy. 


deep submergence vehicle, Trieste 1, 
which at that time was certified to a depth 
of 13,000 feet. However, the Navy was 
confident that thie depth could be ex~ 
ceeded without danger to the vehicle ox 
the craw. 

Additional working sessions were sub= 
sequently held to assess the probable 
damage to the RV on impact, define the 
eonfiguration of the payload on the bottam 
et the ocean, estimate the drift due te 
ocean currents, develop techniques for 
attaching the payload to the lifting cable 
an the recovery vehicle, Trieste I, design 
the hardware and establiah the interfaces 
reguired ta perlorm the recovery opera- 
tion. Jets 

Perkin-Elmer wag aseigned to design 
the recovery hook and the Navy agreed to 
fabricate it by 14 September, A model of 
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The Trieste, A Deep Submergence Vehicte 


the "Hay"* hook was built by Perkin-Elmer 
an! demonstrated. 

The initial schedule for the recovery 
of the RV-3 capsule was very optimistic. 
Aceording te a memo dated 27 July 1971, 
"The ‘Trieste will recover the vehicle 
sometime in September. The despooling 
operation should plan on starting about 27 
September L971"! The chronalowy of the 
actual operation as compiled by 

4 fellows. 


Sep. 20, 1971 ~ The Trieste is being out- 
fitted on a dock at the San [hego 
Naval Base (Submarine Development 
Group 9. Earller this morning, hook 
tests were performed on a beach at 
the base using a dummoy RV. Prior ta 
leaving for the recovery site off 
Hawait, a test dive of the Trieste will 
be conducted off the California 


Sep. 


Recovery Hook in Locked Position 


box filled with dry ice.!0 


23 ~ Preparation of the White Sands 
and the Tricate is being completed, 
Since a daylight recavery is now 
planned, it is necessary to fabricate a 
cover for the payload made of black 
nylon cloth. The cover will be 
attached to the hook and will 
completely cover the hook and the 
recovery vehicle. it has “draw 
atrings” that wij] be pulled by the 
divers and closed at the top and 
bottom while the hook and RV are 
still in the water at a depth of 35-40 
feet. Meanwhile, the Navy is plane 
Hing to construct a vefrigerated 
woxlen box ta enclose the RV shipe 
ping container while in transit to the 
recowery aite oear Hawai 





2OGRAM 



































coast. Tt is planned to rehearse the Sep. 24 ~ Plans to depart this day [rom 
recovery of a “test RV¥."5:9 San Diego for the recovery test site 
Git the Cabfarnia coast are delayed 
Sep. 21 - The rigging operation in prepa- until Sep. 27 due to equipment prob- 
ration for loading the Trieste aboard lated On ihe White Sands. Because of 
the support ship, the White Sands, this delay, only one test dive is now 
started this morning. The shipping plained. A meeting way held aboard 
gantainer in which the AV=-3 ia to be the White Sands to digcusa the bech- 
loaded immediately after recevery is wiques which will Se used to direct 
already on board. Since the recov the Trieste to the target at the 
ered RV has to be maintained at a bottom of the oceam. Attending the 
temperature below 40°F to prevent meeting were revresentatives fran 
fungus growth), it ia planned to place a Perkin-Elmer, 
the shipping contaimer inte a wooden the Scrippa Oceanographic Institute, 
1é6 
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Triaste Beiag Towed iry Small Beat to Floating Crane 


and the three-man crew of the 
Trieste. The plan is to proceed to 
the test range west off San Diego 
which is instrumented in a manner 
imiiar to the network at the 
Hawaiian recovery site. The test RV 
ig equipped with a “pinger"” and will 
be dropped over the side. he 
Trieste will make one diva (about 
5000 feet), retrieve the payload, 
take the transfer ta the White 
Sands, and be brought aboard the 
White Sands. The ship will then head 
for the Hawaiian recovery site. 























Trieste Being Lifted Sep: PPS hae Sands left the dock 

2 a t 3: bel is being towed by 4 
AGoard Waite Sareds aea-going tug, the Apache. A test 
ing aboard the ship reviewed the 
various search, navigation, and 
homing techniques. In general, the 
plan is to lay a network of trans 
pomiers on the ocean Door, gurvey 
them using satellite navigation and 
ence the payload is Imcated, to 
reference the payload lecation ta the 
transponder’ and mark its jocation 
with a pinger. There ia ao automatic 
equipment on either the Trieste or 
the gurface ships to determine, with 
any degree of accuracy, the bocation 
ai the Trieste under the sirface. A 
scheme using kydrophones and trans- 
pooders will be used to direct the 
Trieste to the test RY.) 





Apache, A Seaging Tug 
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Trieste Flowted Gut of Dockwell 
of White Sands 


eine cam ie oy doeten 





Trieste Seing Prepared for Test Dive 
First Trieste Test Dive Off California: 


Sep. 28 - The plan is to unload the Trieste 
from the dock of the White Sands and 
fll ite tanka with gasoline and ballast 
shot. In summary, the plan is to 
carey the test RY to the bettem on 
the Trieste and cut it louse. The 
Trieste will then maneuver to pick up 
the test RY with the recovery hook. 
Coce the pick-up is successful, the 
test BV will be dropped and the 
Trieste will back off about 100 yards 
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to check the sensitivity of the piager 
on the teat RV. Uf the sensitivity is 
inalequale, the Trieste can follow 
the “trail ball" mark on the ocean 
bottom aad return to the test RV. 
The RY will again be picked up with 
recovery hook and brought to the 
surface. A complete dry run of the 
transfer to the White Sands is 
planned. After completion of the 
teat, the White Sands (with Trieste 
aboard) and Apache will head for 
Hawaii. 





29 ~ “Predive preparation testa" 
were started early this morning. Due 
to a series of probleme, the predive 
sequence was completed six hours 
later than planned. After releasing 
the Trieste tow and serviee lines, the 
dive commenced at #45 P.M. The 
Trieste descended ag planned and 
reached the bottom (4200 feet) in 45 
minutes. Upan reaching the bottom, 
the pilots attempted ta cut the test 
RY loose but experienced much diffi- 
culty dwe to lack of tension in the 
Hime. They [fheally gucceeded and 
moved away frors the RV to test 
their ability to locate it with the 
pinger. They were able to return to 
the ship and proceeded to position 
the recovery book over the teat RV 
to pick it up. This proved ta be 
extremely difficult because of the 
lack of depth perception out of the 
view port. Although the Trieste crew 
was able to come close to the test 
RY, they did not sucemed In lowering 
the hook over the test RY. During 
these maneuvers, the winch cable 
jumped off the pulley and in the next 
attempt to operate the winch the 
table parted dropping the recavery 
hook to the battom. Having lost 900 
pounds af weight, the Trieste imme- 
diately ascended toward the surface. 
The fathometer indicated that the 
Trieste went up 400 feet before 
sufficient gasoline could be released 
to stop the ascent. When the Trieste 
seturned to the boltam, the hoo and. 
the test EV were aof in sight. <A 
search pattern was initiated and 
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affer 45 minutes, they were located. 
Tt was then decided that the Trieste 
erew should attempt to pick ap the 
book with the mechanical manips- 
jater jaw and surface, with the hook 
hanging straight down below the 
Trieste. This was successfully ac- 
complished ani the hook brought to 
bearded the White Sands about 2:00 
Auld. the following morning. 


Sep. 30 - A conference was held in the 
morning to determine the course of 
action for the remainder of the test. 
The day io being spent repairing the Recovery Hook Preeperational 
book and the Trieste equipment. The ingpeetion 
hook is being repainted with white 
stripes to improve the visibility Third Trieste feat Dive Off California: 
underwater. The Trieste is being 






































kept in tow. Get. 8 - The Trieste made « third attempt 
to recover the test RV. After 
Oct. 1 - Activity on the planned dive maneuvering to the test RV, it was 
came io a standstill hecause if was discovered that the battery power 
discovered that the White Sands was running lew on the Trieste. The 
fresh water supply is contaminated crew exercised the hook ia the 
with sea water. The White Sands was normal recovery mode without actu 
ordered back to the Naval Baga. The ally maneuvering ower the test RV. 
Trieste will be towed by the Apache. The aperation was successful and the 
Trieste crew is mow confident that 
Second [rieate Test Dive Off California: the test RV can be picked wp with the 
hook given agufficient tite. After 
Get. § ~ The White Sands fresh water 
supply was replenished (40,000 gal- 





ions) and shat is being loaded inte the 
Trieste (10,000 pounds). The White 
Sands, the Apache, and the Trieste 
will be anderway to the teat area this 
morning. 


Oct.) 6 = The ships returned to the test 
site ami a second dive was completed 
by the Trieste. The crew is unable te 
pinpoint the test AVY due to a failure 
at the underwater computer. The 
Trieste surfaced about five miles 
from the target jocation. The White 
Sands crew is unable to pinpoint the 
location of the test RY from the 
surface. (While this wag happening, 
the OeSteiguer, the search ship af 
the Hawalian recovery site, was also 
aupericncing difficulties locating the 
site of the lost Ry~3.)14:15 





RY¥<3 Resting on Ocean Notiom 
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surfacing, the Trieste, was loaded 
aboard the White Sands. 16 


13 = After stewing all the equipment 


the task force headed for the 
Hawailan recovery area. 


20)» Yhe search team aboard the 
DeSteiguer located the lost RV~-3 and 
photographed it at a depth of 14,406 
femt. 


Oet. ZR « The White Sands and the Apache 


arrived hear the recovery areca and 
are stationed 300 miles off Hawaii. 


31 - The Ma&axiné-D, 4 séa-going 
support ship, put out to sea at 3:00 
P.M. from Fear! Harbor, Hawaii to 
remdesvous with the White Sande. 
The ship carried representatives from 
the customer's office, Perkin-Elmer, 

| and five sailors 
whe were to transfer to the White 
Sands crew. 


l= The Maxine-D proceeded on 
avheduly and reached the White Sands 
about 4:00 P.M. The White Sands 
embarked a ié-foot whaler and the 
representatives aod sailors were 
transferred to the White Sands. Sea 
swells about eight to ten feet made 
the transfer extremely difficult. Noe 
casualties occurred but most of the 
luggage got wet. <As the Maxine-D 
turoed back to bead for Hawali, her 
dignal lage read “THINK DEEP". 
The White Sands responded with 
“THINK OREPER.*!7 


& - The White Sands ts approaching 
the recovery site and preparations 
for the first dive ta recower the lost 
ERV-3 are being made. The refrig- 
erator box for cooling the recovered 
BY is in the final stages of comple- 
tion. The Trieste was prepared for 
launching amd about 8:30) P.M. the 
dock well on the White Sands was 
flooded. By 11930 P.oMy the Trieste 
Was trailing in tow, Off the stern of 
the White Sands. 


The White Sands 


Nov. 3 - The gassing operation, pumping 


47,000 gallons of aviation fuel inte 
the ballast tanks of the Trieste, was 
completed by 9:30 A\.M. Soon after, 
32 tons of steel shot in a slurry of sca 
water were pumped into the Triesta 
hallast tanks. Meanwhile, the RV 
container waa lowered inte the com-< 
pleted refrigerator box and the 
temperature was brought down to 
about S6°F. Since thie waa not bow 
eadugh, an ait drop of additional ice 
was requested, 


Trieste Recovery Dive G/f Hawails 


4° An aircraft aporoached the 
White Sands, and after dropping a 
smoke marker, tt male six successive 
Passes parachuting capsules con= 
faining ice. These were recovered by 
a small boat andl brought aboard the 
White Sands. After the additional ime 
was added to the refrigerater ber, 
the temperature stahilined just below 
50°F. As the White Sands ap- 
proached the RY-3 recovery site, 
aitempls were tmade to locate the 
transponders [gid by the DeSteiguer 
search team to mark the location of 
the lost RV-3. The transponder is a 
transmitter which returss a signal 
when it is interrogated by a signal on 
a proper frequency. The DeSteiguer 
team planted two such transponders 
idets!. Dot zero is 164 yards nerth of 
the RYV-3 and det 3 ig L1G yards 
northeast of the dot cere. Faeae dots 
were located from the White Sands 
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using satellite navigation and then 
interrogated from the Apache, the 
seargoing support ship. Five addi- 
tloval dota were planted by the 
Apache to acl as position markers. 
Final preparations for the frat RYV=2 
recovery dive began aa the White 
Sands positianed ileelf aear the G Dot 
planted by the Apache. The 0 Dot is 
within 30 yards of det sero {planted 
by DeSteiguer). The recovery hook 
Was attached to the Treiste and the 
‘Trieste chambers were filled with sea 
water. Ag the Trieste descended 
towards the bottom, hydrophone 
communication was maintained 
througheut the dive. At about 8:90 
P.M., ane hour aul forty-five minutes 
after leating the surface, the Trieste 
reported their position 300 feet 
above the bottom which was at 
16,400 feet. Relaying their range to 
éach of the tranapender dota in the 
pattern, the Trieste attempted to 
close in on dot germ. As the Trieste 
approached dot zero, they observed a 
eoiay cumtact. The Trieste crew 
changed course to investigate the 
eontact but found nothing. Other 
search maneuvers were conducted 
with several sonar coulacts, bat «ach 
time no visual contact was made. At 
about 2:00 A.M. the following marn« 
ing, the dive waa tarminated and the 
Trieste reached the surface about 
S245 AscM. 


S = A meeting was held aboard the 
White bands to brief all parties coan- 


Divers Entering Water ta Attach 
Reeovery Hoox to Trieste 


cerning the observations made on the 
first dive. The tieeting was termi- 
nated early to allow the Apache 
officers to return te thelr ship 
because the weather was getting 
woree. The plan ta survey the RVI 
site waa postponed because the White 
Sands could na longer maintain head~ 
way against the wind and the $ea. 
Apache was required to pravide a-tow 
to maintain contral over the Trieste 
which la being towed by the White 
Sands. All recovery activity ceased 
pending improvement in the weather, 


lg - Weather conditions prevented 
any recevery activity during the last 
seven days and the task force is naw 
uoderway to Pear] Harbor. The seas 
are somewhat calmer but still 
running about four to six feet. Winds 
are from 10 to 145 nnota. 28 


15 = The task force was mat by 
three tugs at the mouth of Pirarl 
Harbor just after noon. The Apache 
was uncoupled and the White Sands 
proceeded to a pier an Ford Island. 
This island is in the middle of Pearl 


Harbors 


lg = A briefing was held at the sub« 
marine Base and a decision was made 
to return to the recovery area of 
Hawaii on 20 November. This time, 
however, tere guppert will be avail» 
able from the Navy- 


19 = Provisions are being loaded and 
a new refrigerator was brought 
aboard. The unit is aelf-contained 
and capable of maintaining tempera« 
tures ax iow aa gere degrees. The 
plan is td list & mew towltig ship, the 
Coucali, to tow the White Sands to 
the recovery aite, to be joimed later 
oy the Apache. 4? 


Z0 - A eritical problem with the 
number iwo boiler om the White Sanda 
delayed sailing time until tamorrow. 


Zi ~- The White Sands and the 
Gouecall are underway. A problem 
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with Coucall’s towing engine resulted 
in the towing line separating from 
the White Sands. The Apache was 
immediately dispatched to pick up 
the White Sands tow. Underway to 
recovery site by nightfall. 


Now, 24 ~ Reached the RY-3 recovery site 


early this merning. A search com 
menced for the transponders. Ey 
early evening dot 3 and dot cero were 
located. For the next five days the 
weather again prevented any re- 
covery aclivity. 


Now. 29 - Gassing of the Trieste was com- 


pleted in record time but final 
preparations for the second dive will 
not be attempted until tomorrow. 


Second Trieste Recovery Dive Off Hawatl: 


Now. 30 = Steel shot was loaded aboard 


the Trieste this morning and electri- 
eal checkout atarted about 8:00 A.M. 
This operation, however, was slowed 
down by the presence of a number of 
uninvited guests. About a dozen 
large sharks and a 20-fout killer 
whale came over to investigate the 
wcothety around the Trieste which was 
mow in tow. Although this did not 
stop the divers completely, il slowed 
them down considerably because 
while two divers worked, one kept an 
eye aut for the sharks. All the 
electrical problems were corrected 
and the recovery book was lowered 
into the water. The dive got unmder« 
way at 5:45 P.M... The Trieste cone 
tinued its dive to about 15,000 feet 
and started interrogating the trans=- 
ponders. The Trieste crew pinpomted 
their location (5000 feet [roam #1 
Tot). After heading for the target 
and lowering to the bottom, they 
searched the base line between dots 
tero amd #3. At this sdint the 
computer power supply failed and 
damp part of the wsavigation 
memory. The doppler sonar system. 
aiso failed. However, the loss of this 
capability did not result in aborting 
the recovery attempt since the crew 


with welocity-time relationships 
idead-reckoning). After being down 
for almost eight hours, the Triesbe 
crew picked up a signal in a direction 
west of det #3. They headed in that 
direction until they suidenly lost 
contact. They immedialely siowed 
down and peering out the viewing 
scope they spotted the leat HV+3 
passing about two feet atarboard. 
They came to an immediate stop but 
their momentum carried them bepoad 
the BRY-3, They then started toa 
maneuver the Trieste around to bring 
RY-3 inte view when the low voltage 
alarm sounded. They tried to plant 
another transponder next to the RV 
but were unable to do $0 because the 


mechanical arm would not operate 
properly at low voltage. With very 


little power remaining and little hope 
of tripping the recovery hook, the 
Trieste headed for the surface. They 
reached the surface at 4tld A.M. the 
following morning. (Unfortunately, 
during preparations for the mext dive 
the weather became worse and after 
being on station for the next seven 
days the task force headed [or 4 spat 
in the lee of the lamin betwee 
Oahu and Magali. After some equip 
trent repairs, the recovery — benans 
returned to the RY-3 site and 
remained on station.“9 High seas 
continued for the next few days and 
the recovery task force returned ta 
Hawaii where the White Sands was 
Placed in dry dock until 18 March 
i972. After completion of repairs 
the pecowery task force returned to 
the KV=3 search area an 1) Apell 
1972.) 


Decimentation of the Haal efierts at 


to Perkin-Elmer so it is not possible ta 
record the final recavery effort in detail. 
However, if was learned that the Trieste 
did finaliy recover the KV-3, attach the 
hook, bring the BV-3 near the surface 
where a crane on the White Sands was to 
lift the RV and load it inte the container- 
However, as the EV was lifted near the 
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surface, it literally split apart due to 
internal water pressite and weight of the 
flooded KV. Although the hookec structure 
was salvaged, the film load fell back inte 
the ooean where it presumably still Hes 
today. 

It would be interesting to determine 
the total cost of the fine-moanth recovery 
operation. The cost for ten days of search 
time by the DeSteiguer team plus four days 
af travel time, was estimated to be 
$100,000, Whatever the total cost, the 
recovery effort was extremely important 
since the RV-3 could not now be recovered 


by the Russians. This was of aame concern 
because during the recovery operations a 


seen on the horizon by the White Sands 
crew. 

The persistence and courage of all 
pergonnel involved in the Frecavery was 
commendable. 

The Captain and crew of the Trieste 
0 deserve a special mention for their 
abllity and courage in continuing the 
search for the lost EV«3 under eatremely 
difficult conditions. 
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6 EPILOGUE 


On July 12, 1983, Flight Model No. 20 
was shipped to the West Coast. On that 
same day, @ commemoration was held in 
the high bay area of the Wooster Heights 
Byeman Facility, Perkin-Elmer, Danbury, 
Connecticut. 

Over 400 Perkin-Elmer and govern- 
ment people who participated on the devel- 
epment of the Sensor Subsystem for the 
Hexagon Program gathered to hear several 
epeakers from both government and 
Perkin-Elmer management: The following 
is the apeech given by Robert H. Sorensen, 
Chairman of the Board of the Perkin-Elmer 
Corporation. 

"Good afternoon. This past month 
marked the beginning of the twentieth year 
of Perkin-Elmer’s involvement in the 
overhead reconnaissance program known as 
Hexagon} and, we still have at least five 
more important years to go. That quarter 
of a century is a long timel At the ead of 
that 25-year period the Hexagon Program 
will have spanned more than half the 
lifetime of the Perkin-Elmer Corporation 
and produced photographic imagery which 
would cower the world over 18 times- 
Successes such as the Hexagon Program 
have helped Perkin-Elmer expand twenty- 
fold in these past twenty years. Th 
hindsight that mipht be described as 20/20 
wision. 

The brief history I am about to 
recount justly deserves the theme of 
today's meeting ~ "We Met the Challenge". 
In saying "we", I clearly intend to include 
cur customers, co-contracters, suppliers, 
aml the people from Perkin-Glheer who 
gollectively have contributed to the 
success of the Hexagon Program. 

We are pausing today to commemo- 
rate your achievements over these past 
twenty years and, more specifically, to 
acknowledge the shipment earlier this 
morning of the twentieth Might Hexagon 
Sensor Subsystem. Were thie ceremony 
held outdoors, Hexagon System Number 13, 
now in orbital operation, could record this 
event in fine detail. Hexagon is a truly 
remarkable program and without question 
one of the foremost astronautical engi- 
neering accomplishments of all time. Its 
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Members of the Perkin-Elmer 
Hexagon Program Team 


value ag a national asset has heen 
demonstrated time and time again. With- 
aut Hezagon there would aot be, nor could 
there be, any strategic arma lLmitation 
treaties or nuclear reduction discussions. 
Hexagon, as this country’s national means 
of verification has aot only kept America 
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safe for democracy but has also served te 
lesaen tensions throughout the world. ik 
has been doing this ‘since its first flight in 
1971 and will continue to do this through 
ite last flight in 1987. Our cowitry’s ability 
to conclude the Sait] Agreement was a 
direct result of our tiigsion success with 
SVL. 

Ag We pause on this commemorative 
day, it is appropriate mot only to look back 
woon past challenges, but also ta look 
forward to the challenges awaiting 
Hexagon in the future. For the past 
twenty yeara this system has been evolving 
and growing and surpassing itself in each 
successive mission. A system designed for 
a forty-five day orbital life now provides 
220 day cowerage with potential for an 
even longer life. A system designed for 
black and white film bas accommodated a 
myriad of spectrally sensitive film types 
and emulsions. A ayatem designed to take 
pictures now also maps the world. But one 
thing hasn't changed. A program team 
staffed by am exceptional collection of 
individuals is still staffed by an exceptional 
collection of individuals. Your dedication, 
perseverance and professionalism is what 
makes Hexagon works The Gompany knows 
thin awl the Company wants you to know 
that it knows this. 

The Hexagon Program has truly been 
a team effort, and like all good teams it 
has had able leaders, each of whom had his 
share of frustration, triumph and tedium. 
Perkin«Elmer's involvement began in 
Wilton in 1964 with a study contract. 
These studies lasted through 1966 and 
culminated in our propogal submission in 
duly 1966 for what has come to be called 
Hexagon. ‘These early studies were known 
as the Pulcrum Program and were headed 
at different times by Earle Brown, Milt 
Rosenau, Men Macliesh and Mike Maguire. 
Curing that time, it was my privilege as 
Manager of the Optical Group to accept 
the challenge given to Perkin-Elmer to 
define a space reconnaissance sensor that 
could meet the Hexagon requirements. On 
Oeteber loth, 1966, we received word that 
Perkin-Elmer had been selected for the 
Hexagon Program. Three weeks later we 
amnounced the Company's plan to 


Loading of Flight Model 20 
into the Transporter 


see! 


Transporter Being Loaded inte a 
CSA Military Transport 


construct this Wooster Heights Pacihty and 
the Optical Technology Division was ostab~ 
lished with Dick Werner in command to 
implement the Hexagon Program under the 
watchful eyes of the Government Program 
Director, Don Patterson. We were ready! 
The initial contract was for six units, later 
to be designated Block 1. While Wooster 
Heights was belng bullt, work on the 
program progressed at 77 Danbury Road in 
a building purchased specifically for that 


BiF 007-0253-85 
HANDLE VIA BYEMAN 
CONTROL SYSTEM ONLY 


























Approved for Release: 2016/12/07 C05096580 



































Approved for Release: 2016/12/07 C05096580 





NEO APPROVED FOR 
RELEASE 17 September 2011 

























































































































































































































































































































































































































































































































































































































































































































































































CSA Mititary aiiniesee Taking off with Flight Model 20 
from Bradley International Aiport 


purpose. In 1967 Ken Patrick took over 
OTD with Mike Maguire as his Program 
Manager. Ken and Mike piloted the 
program through POR and CDR and in 
February of 1968 they led the move to 
Danbury. 

Ken was succeeded aa OTD General 
Manager in August 1969 by Mike Maguire 
who, assisted by the likes of Paul Petty, 
Arnie Wallace, Charlie Karatzas, Bob 
Jones, and Harvey Henderson, guided the 
program through the seemingly unending 
frustrations of film that folded, creased, 
crinkled, cracked, split, broke, and, in 
general, refused to track. 

Many of you will recall the models 
which were built for the abbreviated film 
path and the frustration we all felt during 
the critical periods of testing and retest- 
ing. In looking back, it is quite under- 
standable that Dr. Al Flax, who then was in 
the position which Mr. Aldridge oecupies 
today, would wisit us periodically and 
frequently. he was quite prepared to stipu- 

te that a fine-optical company like 
Perkin-Elmer could fabricate; test; and 
mount the opties, but could we ever devise 
a suitable subsystem to handle film. But in 
the period of patient understanding and 
with the collective contributions of many, 
many people, we tet the challenge. We 
alao were visited by the Chairman of the 
President's Scientific Advisory Committec, 
Dr. Land, who confirmed that Don Cowles’ 
invention, the twister, would permit the 
handling of film off the optical bar, which 
proved to be an effective method of 


handling film in the Hexagon configuration. 
After convincing proof of these critical 
developments, we built both the enjgi~ 
neering and development models and deliv- 
ered the development model in April 1970. 

In July of that year Production Unit 2 
was substituted for Production Unit 1 as 
the lead vehicle. It wax this vehicle which, 
after spending two months in and out off 
Chamber A, behind you, was shipped west 
on October 19th, 1970 where our West 
Coast Field Office was ready to perform 
the mate-up of the forward film path, to 
perform the photographic verification of 
flight readiness, and to suppert the launch 
and flight operations. They too met the 
challenge. Eight months later, at Lidl p.m. 
EST on June 15th, the first vehicle was 
successfully launched into polar orbit from 
Vandenburg Air Force Base. The age of 
Big Bird had begun! 

$V-1, a3 the first vehicle was desig- 
nated, was kept in orbit for 31 days during 
which it transported 175,601 feet or ower 
30 miles of 6 inch wide black and white 
film. Jt photographed 32 million nautical 
square miles of earth; one million square 
miles for every day in orbit and roughly 
one-half of the 43 million nautical aquare 
miles of land mase on this planet. We 

in met the challenge. 

In April of 1971, six additional units, 
Block T, were ordered. The Government 
Program Director, Don Patterson, passed. 
the baton to Don Haas. 

1972 saw the launch and successful 
operation of three Hexagon wehicles - in 
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danuary, July and October. The October 
flight, 8V-4, was the liest to fly color film. 

i972 also marked the opening of our 
Los Angeles Field Office. As we got 
axperience under our belt the flights got 
longer amd longer ~ SV=4 at 69 days was 
more than twice as long as SV-1. the Year 
ended with an order for six more units, 
Block UI. 

By 1973 Mike Weeks was in charge of 
OTTO with B. Alan Ress as 
Director. This year also saw three flights - 
all successful and each one longer than its 
predecessor. SV-7, launched in November, 
marked the beginning of Block Il flights 
and achieved the first Hexagon 100-plus 
day orbital operation. In July of ‘73 
customer management of the Hexagon Pro- 
gram was transferred from the East Coast 
to tha Special Projects Office of the 
Secretary of the Air Force located in Los 
Angeles commanded by General Lew Allen. 
Colonel Ray Anderson assumed the position 
of Goverament Program Director. Thus 
begun a long and fruitful relationship which 
is ten years old this month. 

General Dave Bradburn succeeded 
General Lou Allen. 


1974 saw the launch of SV-8 and yet 
ancther milestone, the first re-flight of a 


recovered take~up assembly. Responsi~- 
bility for refurbishing take-ups was 
assigned to OTD in ‘72 and we have been 
routinely recycling and reflying this 
recovered hardware ever since. 

Seventy-four saw the incorporation 
of Redirection I which stretched out deliv- 
ery and development of the remaining unite 
and started the program to design beth the 
Solid, State Stellar Cameras (S-) and the 
large looper. SV-9, launched in october 
“4, performed the first experiment using 
stellar photography to demonstrate the 
calibration techaique vital for using 
Hexagon to map the world. 

In 1975 General Jack Rulpa assumed 
cormmand of the Special Projecta Office: 
Nineteen seventy-five is remembered for 
the incorporation of the field contract into 
Block Il, the appointment of Paul Petty as 
OTD general Manager and Bernie Malin as 
Program Director. In that same year, the 
earth was photographed by SV<9, SV-10, 
and SV-11. One=-month missions were now 
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four-month missions, each flight intro~- 
duced a new film type, problems arose and 
were resolved, and the program was 
redirected for a second time. Over 500 
people were on the program at OTD, 
working long hours, putting the program 
ahead of personal commitments, and con- 
tributing fully to the by now proven 
program philosophy off doing whatever is 
necessary to achieve the ultimate in 
system performance. This philosophy re~ 
sulted in an era of unprecedented program 
success beginning with one thousand plus 
photo operations of SV+12 and continuing 
to the present. 

The launch of SV-12 in July of "Té 
was the only launch that year, but its 
duration was longer than the first three 
vehicles combined. The Hexagon i alee 
was ten years old and in fullbloom. S/ and 
the large looper were incorporated into the 
sensor subsystem and Redirection IT 
stretched out the program to one flight a 
year of six months’ duration. These devel- 
opments represented a fundamental change 
in both system configuration and system 
mission. The task of guiding Hexagon 
through these changes fell to Mike Mazaika 
ami Ken Meserve as Program Directors, 
and Jack Rehnberg ag OTO General 
Manager. In 1978 Colonel Les McChristian 
succesied Colonel Ray Anderson. In 1978 
both Redirection IV and Block IV ware 
negotiated which further extended the 
program by two additional wehicles and 
four additional years. 

While the major changes were being 
incorporated into SV-17, Big Birda were 
atill flying. SV-13 im ‘77, 14 im ‘TS, 15 in 
79; each staying up longer, performing 
more Operations and transporting more 
film. SV-15 transported 120,000 more feet 
of film than SV-1. That's 22 extra miles of 
film, enough to photograph 23 million 
nautical square miles. 

The new decade began with the 
launch of SV-16 in June 1980, a mission 
that was to last ¢61 days and be dis« 
tinguished by the positioning of the vehicle 
into a parking orbit for 90 days. SV«16 was 
the and of the era for the small looper; tis 
vehicle's fantastic success heightened 
axpectations for 8V=17. It was only fitting 
that the chief proponent of S$? (Solid State 
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Cotonel Larry Cress, United States Alr 
Force, SAFSP, Hexagon Program Director, 
addressing the Perkin-Elmer team in July 
1983. 


Stellar Camera) be put in charge of 
Hexagon in time for its first mapping 
operation, thus Vice Abraham became 
Program Director in 1980, and, just to 
show how time flies when you're having 
fun, Vie has held this position longer than 
any of his predecessors. 

The launch of SV-17 in May, 1982, 
signalled a new age in the Hexagon 
ehronicle ~ that of the Metric Pan Camera 
System. The large looper reduced inter- 
operation film space, i.o., film waste, from 
18% to 2.6%. With vehicle SV-17T two 
thousand, one hundred photo operations 
were made, 50 percent more than S¥-16 
ami 5 times as much as SY-1l. Further- 
more, the Solid State Stellar Cameras 
would sow permit Hexagon to map the 
world. We met the challenge! 

In 1983 Generali Ralph Jacobson as- 
gumed command of the Special Projects 
Office and Colonel Larry (ress succeeded 
Colonel Lea MeChristian as Program Di- 
rector. 

Through all of these years the Hexa- 
gon team was guided by the various very 
able Government Frogram Managers Roy 
Burks, Bob Kohler, Colonel 
Dave FE t 
Major 
present Program Manager, Major 













AS I said earlier, today is mot only a 
day to look back, but also a day to look 


ahead to the future challenges awaiting 
Hexagon. The first twelve Hexagon units; 
i-e., all of Block I and Block Il combined, 
flew for a tetal of 1065 days. The 


“potential operating Hfe for SV~18, 19 and 


20 approaches that. This pragram still has 
a long way to gol We cannot and simply 
will not become complacent or disinter- 
ested! The skills and expertise developed 
on the Hexagon Program have been, are 
now, and will be, used to support this 
Country's needs, goals, ane — both 
intend to strive for excellence in the 
conduct of the Hexagon Program by keep~ 
ing our proven program philosophy alive 
during the mission years of vehicles 14, 19; 
and 20. 

My concluding remarks are directed 
mainly but not aclely to the Perkin=Elaer 
people here today. You can be justly prowd 
of your achievements. The challenge put 
forth in 1965 has been met, the National 
Defense has been served, the prospects for 
peace in the world has been enhanced ~ 
thanks in part to your continuing 
dedication to this vital national resource. 
on behalf of the Management of the 
Corporation, I extend our sincere thanks 
for a job well done and a challenge well 
met. Let’: meet our new challenges with 





the same style. Thank you." 





A Memento Presented to All Personnel 
on the Hexagon Program Team 
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(S/N 003) BIF 007T-1325-71 
» TS/N 002) BIF 007-0460-72 
(S/N 004) BIF 007-1231-72 
(S/N 005) BIF 007-0158-73 
(S/N 006) BIF 007-662-732 
(S/N 007) BIF 007-1247-73 
(S/N 010) BIF 007T-0405-T4 


(S/N O11) BIF 007-0855-74 


(S/N 012) BIF O0T-0258-75 
(S/N 013) BIF OOT-O7 11-75 
(S/N O14) BIF 007-0333-76 
(S/N 015) BIF 007-0105-77 
(S/N 016) BIFX 007-378 1-78 





(S/N O17 BIFX O07T=3290-79 








(S/N 018) BIFA 007-3153-80 

(S/N 019) BIF O07-0211-81 
1217 (S/N 020) BIF O07-0234-83 
1218 (S/N 021) BIF 007-3231-84 
1219 (S/N 022) BIF 007+3231-84. 
1220 (S/N 023) 
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APPENDIA H 


ORGANIZATION CHRONOLOGY 


A PARTIAL LIST OF PERKIN-ELMER OFFICERS AND 


MANAGERS MENTIONED IN THIS DOCUMENT 


Chairman of the Board 


Richard $. Perkin 
August 25, 1958 - May 22, 1969 


Cheater W. Nimita, Jr. 
duty 31, 1969 ~ February 28, 1980 


Presidents 





Richard &. Perkin 
Decenwber 13, 1939 - June 1, 1961 


Robert BE. Lewis 
June L, L961 ~ Dashes ber 31, 1964 


Chester W. Nimitz, ditt. 


Jatuary 1, 1965 - February 15, 1973 


General Managers, Electro-Optical 





Dr. Roderic M. Scott 
August 1, 1956 - duly 31, 1958 


Carlton W. Miller 
August 1, 1958 ~ July 31, 1960 


Rebert H. Sorensen 
September 19, 1960 ~- July 31, 1945 


Kennett W. Patrick 
August 1, 1965 = July 31, 1967* 





Robert H. Sorensen 
March 1, 1980 - March 21, 1985 





Horace G. McDonell, Jr. 
March 21, 1985 = 


Robert H. Sorensen 
February 15, 1973 - March 1, 1980 


Horace G. McDonell, Jr+ 
March 1, 1980 ~ March 21, 1985. 


Gaynor N. Kelley 
March 21, 1985 - 



































Dizision 





EOD was formed in 1956 when 
the company divided into the 
Instrument Division and the 
Engineering and Optical Division 
Mater changed to Electro-Optical 
Division} and inclheded the 


Engineering Branch in which the 
Fulerum program was initiated. 


Note: 


¥EOD listing ta this date only. 
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General Managers, Electro-Optic 


Robert H. Sorensen, Vice President Note: 


June 10, 1965 « July 31, 1966 


General Managers, 


Robert H. Sorensen, Senior Vice President 
May 27, 1966 - February 15, 1973 


Dr. Donald A. Dooley, Se. Vice President 
May 6, 1974 - November 16, 1976 


Edward F. Ronan, Sr. Vice President 
August 31, 1976 - March 1, 1983 


The Electro-Optical Group was 
formed in 1965 and included the 
Electro-Optical Division and the 
Aatro-Optical Division. The name 
of thie group changed to the 
Optical Group when the Optical 
Technology Division was formed 
January 28, 1966. 


Mercade A. Cramer, Sr. Vice President 
April 24, 1985 - 


Gaynor N. Kelley, (Acting) Executive Vice President 


March 2, 1983 ~ Jume 21, 1983 


William W. Chorske, Sr. Vice President 
dune 22, 1983 =~ April 24, 1985 


General 


W. Richard Werner 
October 10, 1966 - December 31, 1966 


Kennett W. Patrick, Vice President 
January 1, 1967 - August 23, 1969 


Michael F. Maguire, Vice President 
August 24, 1969 - January 14, 1973 


lw Michael Weeks, Vice President 
January 15, 1973 = July 12, 1975 


ay Division 


Paul E. Petty, Viee President 
July 13, 1975 - July 31, 1978 


dohn D. Rehnberg, Vice President 
August 1, 1978 - July 31, 1981 


Paul E. Petty, Vice President 
August 1, 1981 < 
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Program Managers, Fulcrum Program 





Earle Beovwn ‘ 
dune 28, 1964 ~ September 30, 1964 


Milten D. Regenau 
October 1, 1964 - January 31, 1965 


Dr. Kenneth G. Macleish 
February 1, 1965 = December §, 1965 


Michael F. Maguire 
December 8, 1964 - October 9, 1966 


Michael F. Maguire 
October 10, 1966 ~ Auguat 23, 1969 


Bernard Malin 
Auguet 24, 1969+ January 27, 1971 


Paul E. Petty 
danuary 28, 1971 = April 27, 1973 


E. Alan Ross 
April 26, 1973 - September 7, 1975 


Bernard Malin 
September 8, 1975 ~ December 16, 1977 


Michael A. Masaika 
December 19, 1977 - July 11, 1979 


Kent H. Meserve 
July 12; 1979 = October 2, 1980 


Victor Abraham 
October 3, 1980 - January 24, 1985 


Leonard J. Farkas 
January 25, 1985 - 
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DESCRIPTION OF 


The documentation requirements of the Hexagon program changed constantly to sult 
the aceds of both the customer and Perkin-Elmer. The initial parametric study that 
started in June 1964, and later the Phase 1 Fulcrum effort that began in September 1964 
and ended in January 1965, needed only interim reports and occasional memos and TWX 
messages to report the technical progress on the program. 


After Perkin-Elmer was asked by the CIA to continue the design effort started by 
Itek, a more formalized type of reporting was required. Starting on 27 August 1965, 
Perkin-Elmer began sending bi-weekly TWA progress reports to the customer. These TWX 
Messages continued in an unbroken chain until 12 June 1968. 


Tachnical review meetings, which started in late 1965, continued throughout the life 
of the program, and minutes on most of these meetings are in the archives, The Sensor 
Subsystem Monthly Technical Report was initiated in December 1966 (OMR-~<1) and is still, 
being published today. 


The Osta Management List, which recorded all incoming and outgoing 
documentation on the program beginning in November 1966, was eventually discontinued 
during the first program personnel layoff in September 1970. A listing similar to the Data 
Management List was included in the Sensce Subsystem Monthly Technical Report. 


Highlight reports began in August 1968 and continued in various forms (both TWX 
messages and Memorandum) until September 1970. A monthly schedule status report was 
started on 15 December 1947, later changed inte a notebook form called the "blue book". 


The Hexagon contract, of course, contains a Contract Data Requirements List 
{(CDRL) which lists program documentation requirements. 
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ore 


Hexagon Mission History Summary (SV-1 through SV-17), revised April 1983, 
(BF 007-086 1-74). 
Edward C. Aldridge Speech, 12 July 1983. 


Harry Howe Ransom, The Intelligence Establishment (Harvard University Presa, 

1970), p. 48. 

Ibid., p» 121. 

Thid., p. 123. 

Philip J. Klass, Secret Sentries In Space (New York: Random House, 1971), p. Td. 

Thid., p. 85. 

Tbid., pp 91-92. 

George Le Christian, italia Photo System Uses TV Viewer," Aviation Week, 

6 January 1956, ; 
ag ,» 12 October 1964. 


SECTION 1 PROGRAM OVERVIEW 
Early Background. 


Richard C. Babish interview, 17 September 1980. 

David Wise and Thomas B. Roas, The U-2 Affair (city, pub, yri, p. 48. 

Philip J. Klass, Secret Sentries In Space (New York: Random House, 1971), p» 82. 
Final Itek Summary Heport (R9204-13), 26 February 1965 (Perkin-Elmer 
AHG5-0769). 

TWA Message » ? October 1964. 

Final tek Summary Report (R9204=13). 
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hid, p. 88. 
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Sensor Subsystem Negotiation Handbook, 6 March 1968, P. I-4 (Perkin-Elmer 
DAN~O8~0915). 

Memorandum, Dr. Kenneth G. Macieish to Richard &. Perkin, 19 September 1464. 
Richard ©. Babish interview, 17 September 1960. 

interim Report, Ad Hoc Stuwly, Perkin<Elmer Engineering Report No. 7814, 
25 September 1964, p. 1 [Perkin-Elmer AH65-0007). 

Ibid, p. 4. 

Macleish memo, p. 1. 
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ABF-430, Second Progress Report, 14 Newember 1944 (Perkin-Eimar AH645-0609). 
Macleish meme, p. 4. 
Memorandum, Leslie C. Dirks to Earle B. Brown, & July 1964 (Perkin-Elmer DANX 
67-6167). 
Ibid, Attachment No. 1, p- 2. 
Negotiation Handbook, p. 4. 

. 28 September 1964. 

, 29 September 1964. 

. 7 October 1964. 


7 9 December 1964 
, 18 January 1965. 
19 January 1965. 


Lawrence E. E na interview, December 1981. 
TWH Messag » 5 June 1965 
Briefing At Associate Contractors, 1 April 1965 (Perkin-Elmer AH65-0664). 
Memorandum, C.S. Morser to F. J. Madden (Perkin-Elmer AH65-0863, last frame, 
Microfiche No. 1). 
Conversation, Mauric Ge t and Richard J. Chester, 25 Jume 1961. 
TWH Message 
» TWH Message : 
- EE Pre May 1965 (Perkin-Elmer AH65-0827) 
Robert FR. Sette Engineering Notebook {Itek), 21 May 1964 (Perkin-Elmer 
AH65-0619). 
Robert M. Landsman, Technical Report No. 65-7, Comparison of Single Pass and 
Multi-pase Film Transports For Use With The Optical Bar, 31 March 1965 (Perkin- 
Elmer AH 65-0654). 
Milton [. Reosenau, Technical Report No. 65-24, System Configuration Selection, 
21 April 1965 (Pe rkin-Elmer AH67-1519). 

, & July 1965. 

+ Sh July 1965. 









































27 August 1965. 
24 September 1965. 
Payload Con 
Thid, p. 1. 
Memorandum, KR. G. Clark to W. KR. Werner, Progress Report, Ad Hoc Program, 
16 February 1966 (Perkin-Elmer AH66-1274)- 
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Functional Organization Chart, Corporate Level, 17 April 1964. 

Perkin-Elmer Annual Report 1965, p. 1d... 

Electro-Optical Division, Engineering Organization Chart, 6 June 1964. 

Special Peojects Organization Chart, 11 June 1963. 

Ad Hee Study Report, Volume I, Management, 25 January 1965, Organization chart, 
p- 79 (Perkin-Elmer AH65-0506). 

Sensor Subsystem Negotiation Handbook, 6 March 1968, p. 4 (Perkin-Elmer 
DAN~-68-0315). 

Memorandum, Dr. Kenneth G. Macieish to All POD Supervisors, & December 1964. 
Payload Contractor's Presentation, 9 December 1965 (Perkin-Elmer AH65-1278). 
Sensor Subsystem Proposal, 21 July 1966, Program Plan, Volume I, TR-66-300 
(Perkin-Elmer AH66-1402). 


Robert R. Batchelder, Engineering Notebook (Itek), 21 May 1964 (Perkia-Elmer 
AH65-0619). 
Supplementary Report 101, Choice of System Configuration, 20 Janury 1965 (Perkin- 
Elmer AH65-0522). 
Ad Hoc Study Report Volume I, Part I, 26 January 1965 (Perkin-Elmer AH65~0502). 
Ad Hoe Study Reports, January 1965 (Perkin-Elmer AH65-0501 to 0511). 
Itek Final Summary Report, R9204-13, 26 February 1965 (Perkin-Elmer AH65-0769). 
Trek Pinal Brassho ort, 9204-TM232 (Perkin-Elmer AH65-~0094). 
TWX Message G «14 April 1965. 
Perkin-Elmer sum : F-Prime Recommendation, 30 September 1965 
(Perkin-Elmer AHGS-1086). 
TWX Messenciia 2 » 7 December 1965. 
Request For sensor Subsystem For General Search and Surveillance 
System, 19 May 7 1966 (Perkin-Elmer AH66-1400). 
Perkin-Elmer Design Definition Sensor Subsystem, 21 July 1966 (Perkin-Elmer 
AH66-1401). 

, 28 July 1966. 

, 28 July 1966. 

. 2 September 1964. 





























12 October 1966. 
__» 18 October 1966. 
» 31 October 1966. 
Program Plan, Sensor Subsystem, TR-66-300-2, Volume I. Section Il, 21 July 1966. 
interim Report, Ad Hoe Study, Perkin-Elmer Engineering Report Ne. 7518, 25 
September 1964, p. 1 [Perkin-Elmer AH65-0007). 
interim Report 


Negotiation Handbook, 6 March 1968, p- I-10 (Perkin-Elmer 
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3 24 September 1965. 
, 7 December 1965. 


Ad Hoc Study Report, Management, Volume Il, Section KX, 25 January 1965 (Perkia- 
Elmer AH65~0506). 

Request for Proposal, Sensor Subsystem for General Search and Surveillance System, 
19 May 1966, pp. 002, 107 and 123 (Perkin-Elmer AH66~1400). 

General Security Bill, 16 January 1967 (Perkin-Elmer DAN-67-0235). 

Guard Orders, 10 January 1967 [Perkin-Elmer DAN-67-0236). 

Classification of Project Documents, 10 January 1967 (Perkin-Elmer DAN-67-0229). 

Security Classification Guide, undated (Perkin-Elmer DAN-67-0174). 

ourler Proposal, undated (BIF 007-0560-73). 

Rebert A. Markin interview, 23 September 1951. 

Payload Contractor's Presentation, 9 December 1941. 


Building Program 


Ad Hoc Study Report, Summary (Perkin-Elmer AH65-0501). 

Ad Hoe Study Report, Management, 25 January 1965, Volume I (Perkin-Elmer 
AH65~506). 

Lawrence E. Emmons interview, December 1981. 

Program Plan, Sensor Subsystem, Volume Il (Perkin-Elmer AH66-1402). 





























22 September 1966. 

ystem Monthly ‘Technical Report No. 6; June 1967 (Perkin«Elmer 
DAN-67-1233). 
Sensor Subsystem Monthly Report No. 7, July 1967 (Perkin-Elmer DAN-67-1447). 
Sensor Subsystem Monthly Report No. 14, March 1966 (Perkin-Elmer DAN-65-0436). 
Information Guide, Wooater Heights Plant, February 1966. 
Kenneth W. Patrick memo to project personnel, 7 February 19638: 
Robert A. Kelley interview, 22 July 1981. 
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Technical Data Book Senser Subsystem for Hexagon Program Satellite Vehicles 
SV-17 through SV-20, three volumes (BIF O07-0104-82, BIF 007-0105-82 and 
BIF 007-0106-82). - 

Hexagon Mission History Summary (SV-1 through SV-17) revised April 1983 
(BIF 007-0881-740- 


Charles ©. Bryant, Jr. interview, 20 May 1982. 

Launch Certification for Sensar Subsystem S/N 003 $V<1, 14 June 1971 
(BIPM O07-5401-7 1). 

Sensor Subsystem Post Flight Report SV-1 (S/N 003) 20 August 1971 
(BIF 007-1325-71). 


SECTION 2 CUSTOMER RELATIONSHIPS AND INTERACTIONS 


Program Management 


Robert A. Markin interview, 23 September 1981. 

Letter, Donald W. Patterson to C.W. Besserer, & October 1967 (Perkin-Elmer 
DANK-67-6917). 

Letter, ohn J. Crowley te Chester W. Nimitz, Jr. 10 November 1967 (Perkin-Elmer 
DAN-67+7076). 


Letter, Chester W. Nimitz, Jr., to John J. Crowley, 30 Nowember 1967 (Parkin- 
Elmer DAN-67-1963). 

Letter, Donald W. Patterson ta Michael F. Maguire, 4 November 1968 (Perkin-Elmer 
DANK 68-9068). 


Program Security 


l February 1967. 
24 October 1966. 
Letter, Brigadier General John E. Kulpa, Ir. to Paul E. Petty, & August 1974 
(BIFX 007-4362-75). 
Aviation Week, 23 June 1958, p. 18. 
Aviation Week, 24 Nowember 1958, p. 33. 
Aviation Week, §& December 1958, pe 31. 
Aviation Week, 9 March 1959, p. 323. 
Aviation Week, 20 April 1959, p. 26. 
Aviation Week, 25 May 1959, p. 26. 
Aviation Week, 24 August 1959. 
Aviation Week, 16 November 1959, p. 33. 
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Aviation Week, 10 April 1961, p. 30. 

Aviation Week, 10 February 1964) p. 53. 

Aviation Week; 6 March 1967, p» 116. 

Aviation Week, 21 June 1971, p. 15. 

Aviation Week, 30 August 1971, p. 12. 

Aviation Week, 25 September 1972, p. 17. 

Aviation Week, 7 July 1975, p. 21. 

Aviation Week, 6 February 1978, p. 187. 

Aviation Week, 10 December 1979, p. 66. 

Aviation Week, 29 September 1980, p. 27. 

Aviation Week, 6 October 1980, p- 18- 

Aviation Week, 9 March 1941, p. 14. 

Aviation Week, | February 1982, p. 13. 

Amrom H. Katz, Astronautics, April, June, July, August, September, October, 1950. 
Business Week, 4 June 1960, p. 30. 

Amrom H. Katz, Selected Readings in Aerial Reconnaissance (Rand Corporation, 
August 1963) p. 2762. 

Journal of the SMPTE, Volume 73, p. $58. 

Business Week, 13 November 1965, p. 70. 

Electronic News, 13 March 1967, p. 39. 

Niel Jensen, Optical and Aerial Photographic Reconnaissance, 1946. 

Electronic News, 2 September 1968, p. 64. 

Electronic News, 12 August 1965. 

Industrial Research, October 1964, p. 28. 

Electronic News, 16 June 1969, p. 14. 

Ted Greenwood, Reconnaissance, Surveillance and Arma Control (international 
Tngtitute for Strategic Studies, June 1972), Adelphi Papers No. 88. 

Business Week, 3 June 1972. 

Selentific American, Volume 228, No. 2, February 1973. 

Aircraft Engineering, February 1975, p. 15. 

Electronic and Power, August 1978, p. 573. 

New York Times, 1 March 1981, p. 12. 

New Scientist, | October 1981, p. 34. 

Time, 27 April 1981, p. 20. 

Philip J. Klass, Secret Sentries in Space (New York, Random House, 1971), p. 82. 
Letter, Brigadier General David D. Bradburn to Robert H. Sorensen, 23 May 1974 
(BYE 96402-73). 

Letter, Brigadier General Bradburn to R. Sorensen, 16 July 1973 (BIFX 007-4655+73). 





























Letter, R. Sorensen to Brigadier General Bradburn, 26 July 1973 (BIF 007-0841-73). 
A Security Proposal for the Integration of the OTD Facility at Danbury, CYT 
(BIF 007+0549-T4). 

Byeman Controlled Facility for the Space Telescope Program; PM-1590-M-A, 
February 1977 (BIF 007-0325-76-A). 
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SECTIONS TECHNICAL DESIGN, MANUFACTURE AND TEST 
o Heal Bar A sembly 


Sensor Subsystem Monthly Technical Report No. 1, December 1966, p. 2-1 (Perkin- 
Elmer DAN-67-0160). 

Optical Bar Concept Review Meeting Minutes, 14 February 19467 (Perkin-Elmer DAN- 
67-466). 

Optical Bar Preliminary Design Review Meeting (PDR) Minutes, 6 June 1967 (Perkin- 
Elmer DAN-67-1220). 

Sensor Subsystem Monthly Report No. 9, September 1967, p. 4-32 (Perkin-Elmer 
DAN-67~1691). 

Optical Bar Critical Design Review (CDR) Meeting Minutes, 31 July 1968 (Perkin- 
Elmer DAN-68-1056}. 


Camera Support Frame Assembly 


Frame Concept Review Meeting Minutes, 24 February 1967 (Perkin-Elmer 
DAN-67-0559). 

Frame PDR Meetine Minutes. 23 May 1967 (Perkin-Elmer DAN-67-1111). 

TW Messa + 23 May 1967- 

Project Mem um, Graham F. Wallace, 25 May 1967 (Perkin-Elmer 
Dan 61-0982) 

Memorandum, Frame Approval, Donald W. Patterson, 23 May 1967 (Perkin-Elmer 


DAN-67-097 1). 

Sensor Subsystem Monthly Technical Report No. 11, November 1967, p. 440 (Porkin« 
Elmer DAN-67+2022). 

Frame CDR Meeting Minutes, 24 September 1968 (Perkin-Elmer DAN-68-1216). 
Senior Subsystem Monthly Technical Report No. 13, January 1968, p. 3-5 (Perkin- 
Elmer DAN~68~213). 


Film Drive Assembly 














United States Patent No. 3,434,639, Transports for Elongated Material, Figures Nos. 
§ and 6, 25 March 1969. 

Charles D. Cowles interview, 29 September 1981. 

Perkin-Elmer Drawing Number 606-10009, 24 October 1964. 

Ad Hoe Technical Report Volume I, Beeadboard Report No. 10, 180 Degree Twister 
Greadboard, 22 January 1965 (Perkin-Elmer AH 65-0505). 

Supplementary Keport 101, Choice of System Configuration, pes. 21 and 22, 
20 January 1965 (Perkin-Elmer AH 65-0522). 

Twister Breadboard Test Results, Technical Report No. 65-128, 20 July 1965 (Perkin- 
Elmer DAN-67-0413). 

Film Drive Concept Review Meeting Minutes, 2 March 1965 (Perkin-Elmer 
DAN+«67-0782). 

Film Drive POR Meeting Minutes, 14 November 1967 (Perkin-Elmer DAN-67-2014). 
Film Drive COR Meeting Minutes, 28 August 1968 (Perkin-Elmer DAN-67-1308). 

















BIF 007-0253-85 
HANDLE VIA BYEMAN 
CONTROL SYSTEM ONLY 
































Approved for Release: 2016/12/07 C05096580 


Approved for Release: 2016/12/07 C05096580 





NRO APPROVED FOR = 
Uz POP SECRET. 


Platen Assembly 


Sensor Subsystem Monthly Technical Report Noa. 1, Geeember 1966, p. 3-20 (Perkin~ 
Elmer DAN-67+0169). 

Plates Bearing Arrangement Concept Review Meeting Minutes, & January 1947 
(Perkin-Elmer DAN-67+0230). 

Sensor Subsystem Monthly Technical Report No. 2, January 1967; pe 3-9 (Perkin- 
Elmer DAN-67-0372). - : 
Platen Design Concept (Preliminary) Meeting Minutes; 13 January 1967 (Perkin-Eimer 
DAN-67-0299). 

Sensor Subsystem Mouthly Technical Report No. 4, April 1967, p. 3-10 [Perkin-Elmer 
DAN-67-0853). 

Platen Concept Review Meeting Minutes, 5 May 1967 (Perkin-Elmer DAN-67-1110). 
Project Memorandum No. 324, Platen Concept Review, 1 May 1967 (Perkin-Elmer 
DAN-67-0830). 

Sensor Subsystem Monthly Technical Report No. 6, June 1967, p- 4-9 (Perkin-Elmer 
DAN-67-1233). 

Sensor Subsystem Monthly Technical Report No. 9, September 1967, p. 417 (Perkin 
Elmer DAN~67+1691). 

Pilaten Assembly FOR Meeting Minutes, 7 February 1968 (Perkin-Elmer 
DAN-68-0376). 

Platen Assembly CDR Meeting Minutes, 25 September 1968 (Perkin-Elmer 
DAN-68-1254). 


Supply Assembly 


Sensor Subsystem Monthly Technical Report No. 1, December 1946, p. 3-34 (Perkin- 
Elmer DAN-67-0160). 

Project Memorandum No. 247, Supply Assembly Weight Increase, 27 February 1947 
(Perkin-Elmer DAN-67-0541). 

Project Memorandum No. 162, Design Impact of New Specification, 30 November 
1966 (Perkin-Elmer DAN-67-0118). 

Sensor Subsystem Monthly Technical Report No. 2, January 1967, p. 3-6 (Perkin- 
Elmer DAN-67-0372). 

Sensor Subsystem Monthly Technical Report No. 4, April 1967, p. 3-37 (Perkia-Eimer 
DAN-~67-06 53). 

Sensor Subsystem Monthly Technical Report Ne. 5, May 1967, p. 4-24 [Perkin-Elmer 
DAN-67~L047). 

Sensor Subsystem Monthly Technical Report No. 8, August 1948, pg. 443 (Perkin~ 
Elmer DAN+-67-1577). 

Project Memorandum No. 535-X; Program and System Impact of a Design Change of 
Film Supply Reel Orientation, 24 August 1967 (Perkin-Elmer DAN-67~-1518). 

Supply Amwembly PDR Meeting Minutes, 21 February 1968 (Perkin-Elmer 
DAN-68-0511). 

Sengor Subsystem Monthly Technical Report Ne. 16, Jely 1965, p. 4-64 (Perkin-Elmer 
Supply Assembly DR Meeting Minutes, 25 November 1968 (Perkin-Elmer 
DAN-68-1643). 





























BF 007-0255-85 
HANDLE VIA BYEMAN 
CONTROL SYSTEM ONLY 
































Approved for Release: 2016/12/07 C05096580 


Approved for Release: 2016/12/07 C05096580 


NRO APPROVED FOR Hx-FOP SEGREE 
RELEASE 17 September 2011 


Looper Assembly 


Looper Concept Review Meeting Minutes, 23 February 1967 (Perkin-Elmer 
DAN+67-0778). ; 

Fred Klein Memorandum, Looper Concept Review, 28 April 1967 (Perkin-Elmer DAN- 
67-0883). 

Sensor Subsystem Monthly Technical Review No. 5, May 1967, pg. 4-8 (Perkin-Elmer 
DAN~67-1047). 

¢. W. Besserer Letter, Comments on Looper PDR Package, 31 July 1967 (Perkin- 
Eimer DANX-67-6779). 

¢. W. Besserer Letter, Steps to Improve Looper PDR Package, 26 September 1967 
(Perkin-Eimer DANX-67-0613). 

Looper POR Meeting Minutes, 27 September 1967 (Perkin-Elmer DAN-67-1828). 
Donald W. Patterson Memorandum, Looper PDR, 29 September 1967. 

K. W. Patrick Memorandum, Looper PDR, 15 November 1967 (Perkin-Elmer 
DAN-67-1909). 

Donald W. Patterson Memorandum, Looper PDR, 24 November 1947 (Perkin-Elmer 
DANK-=-67-7T111). 

Looper CDR Meeting Minutes, 18 November 1968 (Perkin-Elmer DAN~68~-1642). 


Film Path Assemblies 


De. Robert E. Hufnagel interview, 28 October 1982. 

Dr. Robert E. Hufnagel Engineering Notebook No. 1106. 

Aide Bar Vacuum Test, Breadboard Test Report No. 10 

Air Bar Vacuum Teats, 24 February 1965 (Perkin-Elmer DAN~67-1346). 

Gas Consumption Forecast for F' and M' Systems, 29 July 1965 (Perkin-Elmer 
DAN-~66-0038). 

Sensor Subsystem Monthly Technical Report No. 3, February 1967, pp. 3-4 to 3-7 
(Perkin-Elmer DAN-67-0712). 

Experimental Work Plan for Air Bars, 21 July 1967 (Perkin-Elmer DAN~§7~1434). 

Gas Flow Measurements Performed on Film Supporting Air Bars in Atmosphere and 
Vacuum, Technical Report TR-67-448, October 1947 (Perkin-Elmer DAN+67~1849). 
Air Bar Design Philosophy, 29 Nowember 1967 (Perkin-Elmer DAN-67-1973). 

Gas Pressure Requirements for Supporting Film on Air Bars, TR-67-476, December 
1967 (Perkin-Elmer DAN-68-0172). 

Sensor Subsystem Monthly Technical Report No. 14, March 1967, ps 4-5 (Perkin-Elmer 
DAN=68-(0436). 

Sensor Subeystem Monthly Technical Report No. 15, April 1967, p. 4-7 (Perkin-Elmer 
DAN-~68-0510). 

Sensor Subsystem Monthly Technical Report No. 16, May 1968, p. 4-4 [Perkin-Elmer 
DAN-68-0637). 

Sensor Subsystem Monthly Technical Report No. 18, July 1968, p. 3-3 (Perkin-Elmer 
DAN-G8-0895). 

Sensor Subsystem Monthly Technical Report Na. 19, August 1968, p- 3-4 (Perkin- 
Elmer DAN-68-1403). 

Memorandum, LC. Smith to W.E. Brindley, 23 August 1966 (Perkin-Elmer DANX-68- 
T7370). 

Sensor Subsystem Monthly Technical Report No. 21, October 1968, p. 4-22 (Perkin- 
Elmer DAN-=6§8-1473). 

Development. Test Plan for Air Bar Assembly, 17 January 1969 (DAN-69-0102). 

Flux Plotting of Air Bar Flow Patterns, 21 March 1949 (Perkin-Elmer DAN-69-(1443), 
Final Report, Feasibility Study to Develop Mathematical Model and Computer 
Program for an Air Bar Design, May 1969 (Perkin-Elmer DANX-69-5551). 
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Static Friction Test, 24 June 1969 (Perkin-Elmer DAN-69-1034). 

Teflon Test, 8 August 1969 (Perkin-Elmer DAN-69-1002). 

Dynamic Film - Air Bar Test Report, TR-69-620, 29 September 1969 (Perkin-Elmer 
DAN-69L121}. 

Ad Hoc Study Report, Yolume 1 Part 4, Supplementary Report No. 114, Film 
Transport Mechaniam and Shuttle Mechanics, 27 January 1945 (Perkin-Elmer AHG5- 
0504). 

Project Memorandum No- 120, Film Rollers, 7 September 1966 (Perkin-Elmer 
DAN-67-0611). 

Project Memorandum No. 196, Description of Proposed Standard Roller, 4 January 


Sensor Subsystem Monthly Technical Report No. 3, February 1967, p. 9-2 [Perkin- 
Elmer DAN-67-0712).. 

Sensor Subayetem Monthly Technical Report No. 4, April 1967, p. 3-5 [Perkin-Elmer 
DAN-67-0653). 

Sensor Subsystem Monthly Technical Report No. 7, July 1967, p. 4-2 (Perkin-Elmer 
DAN-67«1 047). 

Project Memorandum No. 593-X, Experimental Work Plan for Film Path Hollers, 
1 November 1967 (DAN-67-187 1). 

Sensor Subsystem Monthly Technical Report No. 10, October 1967, ps 45 (Perkin- 
Elmer 67-1795). 

Sensor Subsystem Monthly Technical Report No. 13, January 1968, p. 4-6 (Perkin« 
Elmer DAN-68-0213). 

Sensor Subsystem Monthly Technical Report No. 16, May 1968, p. 4-6 [Perkin-Elmer 
DAN-68-0637). 

Sensor Subsystem Monthly Technical Report No. 17, June 1968, p. 4-10 {Perkin-Elmer 
DAN-68-0766). 

Sensor Subsystem Monthly Technical Report No. 18, July 1968, p. 4-8 (Perkin-Elmer 
DAN-68-0895). 

Sensor Subsystem Monthly Technical Report No. 26, March 1969, p. 4-14 (Perkin- 
Elmer DAN-G69-0534). 

Charies D. Cowles interview, 29 September 1921. 

Ad Hoc Report, Volume 1, Part 4, Supplementary Report No. 115, Film Tranaport 
Mechanism and Shuttle Mechanics, p. 5, 20 January 1965 (Perkin-Elmer ANG5~0504). 
Perkin-Elmer Technical Presentation to Customer, May 1965 (Perkin-Elmer 
AHGS-0916). 

Perkin-Elmer Presentation to Associate Contractors, 30 September 1965 [Perkin«- 
Elmer AHOGS-1087). 

Payload Centractor's Design Review Package, Revision A, 12 November 1964, px dd 
(Perkin-Elmer AHG5-1190). 

Payload Contractor's Presentation, 9 December 1965 (Perkin-Elmer AHG5-1275). 
Project Memorandum Ne. 86, Film Guidance Experiments, 13 May 1946 (PerkinElmer 
DAN~67-0661). 

Project Memorandum No. 92, Crowned Rollers, 9 June 1966 (Perkin-Elmer 
DAN-~-66-0112). 

Project Memorandum No. 93, Film Steering Cylindrical Rollers, 16 June 1966 (Perkin- 
Elmer DAN-6-1113). 

Sensor Subsystem Proposal, 21 July 1966, p. 5-53 (Perkin-Elmer AH66-1401). 
investigation of Active Steerer Systems, ~ November 1966 (Perkin«Eimer 
DAN+67-03 16). 

Project Memorandum No. 140, Flim Steering Devices, 7 November 1965 (Perkin- 
Elmer DAN-67-0610). 
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Film Path Assemblies (Continued) 


Sensor Subsystem Monthly Technical Report Ne. 1, December 1966, p 3-146 [Perkin- 
Elmer DAN-67-0160). : 

Project Memorandum No. 215, Film Guidance; 6 February 1967 (Perkin-Elmer 
DAN-67-0375). 

Investigation of Passive Film Steering Using Crowned Rollers, 2] May 1967 (Perkin- 
Eimer DANX-67-6400). 

Sensor Subsystem Monthly Technical Report No. 4, April 1967, p 3-3 (Perkin-Elmer 
DAN-67-0855). 

Sensor Subsystem Monthly Technical Report Na. 8, August 1967, p. 4-4 ([Perkin«Elmer 
DAN-67-1577). 

Sensor Subsystem Monthly Technical Report No. 12, December 1967, p- 4-1 (Parkin- 
Elmer DAN-68-0032). 

Project Memorandum No. 675-X%, Film Low-Frequency Sideward Dynamics at Self~ 
Aligning Air Bars, § January 1968 (Perkin-Elmer DAN-68-0067). 

Film Path FOR Meeting Minutes No. 211X, 20 December 1967 (Perkin-Elmer 
DAN~68-i378). 

Sensor Subsystem Monthly Technical Report No. 15, April 1968, p. 4-6 [Perkin-Elmer 
DAN~68-0510). 

Project Memorandum No. 851, Study of Proposed Steerers, 21 May 1968 (Perkin 
Elmer DAN~68-0594). 

Film Path Concept Review Meeting Minutes, 19 April 1967 (Perkin-Elmer 
DAN~67-9434). 

Sensor Subsystem Monthly Technical Report No. 5, May 1967, p. 41 (Perkin-Elmer 
DAN-67-1047). 

Sensor Subsystem Monthly Technical Report No. 10, October 1967, p. 4-1 (Perkin~ 
Elmer DAN-67-1795)- 

Sensor Subsystem Monthly Technical Report No, 12, December 1947, p- 4-1 (Perkin- 
Elmer DAN-68-0032). 

Sensor Subsystem Monthly Technical Report No. 13, January 1968, p. 4-1 (Perkin- 
Elmer DAN-68-0213). 

Sensor Subsystem Monthly Technical Report No. 15, April 1968, p. 4-1 (Perkin-Elmer 
DAN#68<0510). 

Film Path CDR Meeting Minutes, 19 February 1969 (Perkin-Elmer DAN-69-(1394). 
Protem Proposal, 14 May 1965 [Perkin-Elmer AH65-()817). 

Payload Section Presentation, 30 September 1965 (Perkin-Elmer AH465~1087), 
Preumatic Subsystem Schematic, General Electric SK4830M0048, 10 August 1965 
(Perkin-Elmer AH65-1127). 

Pressure Vessel Sising, Technical Report 65-177, 20 August 1965 (Perkin-Elroer 
AH65-1026). 

Sensor Subsystem Proposal, 21 July 1966, TR-66-300 (Perkin-Elmer AHG6-1401). 
Pueumatic Subsystem Concept Review, Project Memorandum No. 304, 21 April 1967 
[Perkin-Elmer DAN~67-0804). 

Pueumatic Subsystem Concept Review, Project Memorandum No. 304A, 4 May 1967 
{Perkin-Elmer DAN 47-0804A)}. 

Sensor Subsysters Moathly Technical Report No. 6, Jume 1967, p 4-3 (Perkin-Elmer 
DAN-67-1233). 

sensor Subsystem Monthly Technical Report No. 7, July 1967, p. 4-§ [Perkin-Elmer 
DAN-67-1447). 

Sensor Subsystem Monthly Technical Report No. 4, August 1947, p. 4-11 (Perkin~ 
Elmer DAN-G7-1577). 

Sensor Subsystem Monthly Technical Report No. 11, Nowember 1947, p. 4-11 (Perkin 
Elmer DAN-G7?-2022). 
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Sensor Subsystem Monthly Technical Report No. 13, January 1968, p. 4-6 (Perkin<- 
Elmer DAN-68-0213). 

Sensor Subsystem Monthly Technical Report No. 14, March 1968, p. 4-18 (Perkin 
Elmer DAN-66~0436). 

Sensor Subsystem Monthly Technical Report Ne. 15, April 1968, p. 4-11 (Perkin-Elmer 
DAN-68-0510). 

Sensor Subsystem Monthly Technical Report No. 16, May 1968, p. 4-8 (Perkin-Elmer 
DAN-68-0637). 

Sensor Subsystem Monthly Technical Report No. 17, January 1968, p. 4-12 (Perkin- 
Elmer DAN-68-0766). 

Semior Subsystem Monthly Technical Report No. 19, August 1968, p. 4-4 (Perkin- 
Elmer DAN-68-1403). 

Sensor Subsystem Monthly Technical Report No. 23, December 1968, p. 4-4 (Perkin« 
Elmer DAN-69-0103). 

Tbiddey Be a-5a 


Take-Up Assembly 


Conceptual Design Approach for Take-Up Spool Assembly, Technical Report No. 66~ 
292, 20 April 1966 (Perkin-Elmer DAN-67-0418). 

Preliminary Design Report of the Take-Up Spools, Technical Report No. 46-333, 
8 August 1966 (Perkin-Elmer DAN-66-0009). 

Sensor Subsystem Monthly Technical Report No. 1, December 1966, p. 3-39 (Perkin- 


Elmer DAN-67-0160). 

‘Take-Up Concept Review Meeting Minutes, 7 January 1967 (DAN+«67-0264). 

Sengor Subsystem Monthly Technical Report No. 4, April 1967, p. 3«27 (Perkin-Elmer 
DLAN+67+0653). 

Tides p. 2-25 

Sensor Subsystem Monthly Technical Report No. 5, May 1957, p. 4-24 (Perkin-Elmer 
DAN-67-L047). 

Sensor Subsystem Monthly Technical Report No. 8, August 1967, p- 4-43 (Perkin- 
Elmer DAN-67-1577). 

PM No. 547-X, Review of RCA Proposal for Take-Up Subsystem, 5 September 1967 
{(Perkin~Elmer DAN-67-1575). 

Take-Up Subsystem Concept Review Meeting Minutes, 15 November 1967 (Perkin- 
Elmer DAN+67~2087). 

Sensor Subsystem Monthly Technical Report No. 11, Nowember 1967, p. 2-5 (Perkin- 
Elmer DANs7-2022). 

Take-Up Preliminary Design Review Meeting Minutes, 20 February 1968 (Perkin 
Elmer DAN-66+0356). 

Sensor Subsystem Monthly Technical Report No. 20, September 1968, 5. Z-9 
(DAN~§8~L246). 





























Protem Proposal, 14 May 1965 (Perkin-Elmer AH65-0817). 

Film Transport Functional Description, Technical Report No. 65-72, 5 May 1965 
(Perkin-Elmer AH65-0780). 

Qu-Board. Diagnostic Sensiag, Technical Report Ne. 65-87, 12 May 1965 (Perkin- 
Elmer AHO5-0812). 
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System Control and Synchronization, Technical Report No. 66-291, 25 April 1966 
(Perkin~Elmer DAN=66-0042).. 

Protem Presentation (Perkin-Elmer AH65-0916). 

Payload Contractor's Presentation, 9 December 1965 (Perkin-Elmer AH65-1275). 
Perkin-Elmer Design Definition Sensor Subsystem, Volume 1 (Part 1), 21 July 1966 
(Perkin-Elmer AH66-1401). 

Richard H. Carricate interview, 22 September 1982. 


Systems Engineeri 


Payload Contractor's Presentation, 9 December 1965, Program Organisation, (Perkin- 
Elmer AH65~1275). 

Sensor Subsystem Negotiation Handbook, Organigation Chart, p. 4, G6 March 1968 
(Perkin-Elmer DAN~-68-0315). 

Sensor Subsystem PDR Meeting pia 29 February-l‘ March 1968 (Perkin-Elmer 
DAN-68-0515). 

Memorandum, Donald W. Patterson to Kanneth Patrick, 6 May 1948 (Perkin-Elmer 
DANX-&8-6624). 

System CDR Presentation, 5 & 6 March 1969 (Perkin-Elmer DAN-69-0367). 

Design Audit Technical Report, Seven Priority Design Risk Area, 19 June 1948 
(Parkin-Elmer DAN-68~-0740). 

Thermal Control and Pressure Requirements, Technical Memorandum Mo. 2, 
20 November 1964 (Perkin-Elmer AH65-0575). 

Interim Test Report-Film In Vacuum, Technical Report No. 66-245 (Perkin-Elmer 
AHO5-1286). 

Film In Vacuum, Final Test Report, Technical Report No. 66-294, 25 April 1966 
(Perkin-Elmer AH66~1377). 

Floating Film, Technical Report No. 66-242, 28 February 1966 (Perkin-Elmer 
AH66-1283). 

Sensex Subsystem Design Definition, Volume 1 (Part 1), 21 uly 1966, p. D-1 (Perkin~ 
Elmer AHO66-1401). 

System Pressurization, Project Memorandum No. 130, 30 September 1966 (Perkin- 
Elmer DAN-i7-0312). 

System Pressurization, Project Memoramium No. 164, 3 December 1966 (Perkin-~ 
Elmer DAN-66-0088). 

Sensor Subsystem Monthly Technical Report No. 1, December 1966, p. 3-4 (Perkin= 
Elmer DAN-67-0160). 

Program Plan ~ Design Studies of a Presaurized Film Transport Subsystem, 
28 December 1966 (Perkin-Elmer DANK-67-6023). 

Film Moisture Content « Recommended Test to Determine Variations, 29 December 
1966 (Perkin-Elmer DANX=-67+6019). 

Pressurization of Sensor Subsystem = Initial Evaluation of Problems, 4 January 1967 
(Perkin-Elmer DANX-6T-6017). 

Film Path FPressurization Meeting Minutes, 25 January 1967 (Perkin-Eimer 
DAN~67-0408). 

interaction of the Film and Its Eavironment, Technical Report TRGT<373, 24 February 
L947 (Perkin-Elmer DAN-67-0535). 

Sensor Subsystem Monthly Technical Report No. 3, February 1967, p. 2-19 (Perkin 
Elmer DAN-67-071Z). 

Sensor Subsystem Monthly Technical Report No. 4, April 1967; p. 2-14 (Perkin-Elmer 
DAN-67-0853). 
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Interface and Liaison Group Program Plan, 6 October 1966 (Perkin-Elmer 
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Lincoln Endelman interview, J December 1991. 

Charles O. Bryant interview, 18 October 1962. 

Endelman interview. 
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BiF O07-0878-7T1. 
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BIF 007~1063-T1. 
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aV-l Sensor System Flight Anomalies, 4 December 1971, BIFX QO7=$63 1-71. 
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